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During the past fifteen years many investigators have concerned 
themselves with the problem of edema. Physical, chemical and other 
factors have insufficiently explained the ultimate cause of the retention of 
abnormal amounts of fluid in the interstitial tissues and serous cavities 
of the body. The final solution of the problem rests on further knowl- 
edge of factors not yet sufficiently understood, such as capillary per- 
meability, abnormal distribution of sodium chloride and colloids, and 
other factors possibly of lesser importance, such as changes in H-ion 
concentration and hormones. The vast literature on the subject of 
edema includes many factors which may play a part, but the pathogenesis 
of this condition can be fully understood only when further correlation 
between them is established.* 

In spite of this lack of specific knowledge, definite advance has been 
made in recent years in regard to methods of treatment. This has 
frequently been arrived at empirically, and neither the nature of the 
action of some diuretics nor the type of edema in which they are most 
useful has been determined. This paper is concerned with a study of 
certain diuretic substances which have achieved prominence, and partic- 
ularly with their ability to remove fluid in cases of congestive heart 
failure, when rest and full digitalis medication have proved ineffective. 
Many drugs have been used as diuretic substances when cardiac edema 
persisted in spite of full digitalization. On reviewing the literature, 
however, one gains the impression that those found to be most useful 
are urea, synthetic theophylline and preparations of mercury in combi- 
nation with the acid-forming salts, ammonium chloride and ammonium 


nitrate. 


* Submitted for publication, April 20, 1929. 
*From the Third Medical Division of Bellevue Hospital (New York 
University). 
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Urea was first introduced as a diuretic by Friedrich,? in 1892, and 
was then used by Feilchenfeld,® in 1918, and Strauss,‘ in 1921, all of 
whom reported favorable results. Crawford and MclIntosh® studied 
urea as a diuretic in edema due to heart failure. They studied eight 
patients, seven of whom showed clinical improvement with marked 
diuresis, They stated their belief that urea was rapidly absorbed, quickly 
raising the blood urea, and being a nonthreshold substance, was rapidly 
excreted, carrying water to the kidney. The beginning effect of urea 
was seen from forty-eight to seventy-two hours after administration of 
the drug. Keith and Whelan’s ® objection to urea was that as a salt it 
carried only water to the kidney, leaving the retained sodium chloride 
behind in the tissues, and for this reason was a less efficient diuretic than 
those which remove both water and retained sodium chloride. 

Calcium gained some prominence as a diuretic in 1918, as a result of 


studies made by Schultz * in edema due to war nephritis. Many theories 


have been advanced to explain its action. However, the fact that the 
chloride of calcium is said to be more effective than the lactate, suggests 
that the active agent in the preparation may be the anion, in which 
respect the salt of calcium acts as any other acid-forming salt. Bowler 
and Walters,* in some experimental work with calcium, showed that in 
lethal doses it produced no anatomic or pathologic change in the kidneys 
of animals. Rockwood and Barrier * 
ment for edema. They agreed with Schultz that it was of value in 
edema due to nephritis, nephrosis, cirrhosis of the liver and pleural 


used calcium clinically in treat- 


effusion, but was of no value in edema associated with heart failure. 

Of the xanthine diuretics, synthetic theophylline has proved of value. 
Theophylline has long been considered to act directly on the epithelium 

2. Friedrich, W.: (Ueber die harntreibende Eigenshaft des Uream) As 
ureum hugyhajto tulajdonsargarol. Kozleminy u budapeste Magy. kir tud 
Egyetem gyogyozertani intezelebal, Magy. orv. Arch. 1:400, 1892. 

3. Feilchenfeld, J.: Ueber Harnstoff als Diureticum, Therap. d. Gegenw. 
59:273, 1918. 

4. Strauss, H.: Ueber Harnstoff als Diureticum, Berl. klin. Wcehnschr. 58: 
375, 1921. 

5. Crawford, J. H., and McIntosh, J. F.: The Use of Urea as a Diuretic in 
Advanced Heart Failure, Arch. Int. Med. 36:530 (Oct.) 1925. 

6. Keith, N., and Whelan, M.: <A Study of the Action of Ammonium 
Chlorid and Organic Mercury Compounds, J. Clin. Investigation 3:149 (Oct.) 
1926, 

7. Schultz, E.: Klinische Beobachtungen tiber Nierenentztindung bei Krieg- 
steilnehmern, Ztschr. f. klin. Med. 86:111, 1918. 
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of the kidneys. Investigations by Fleisher and Loeb,’® however, seemed 
to indicate that the action of the caffeine diuretics was not directly on 
the epithelium of the kidney but on the blood itself, calling forth some 
condition which started a movement of sodium chloride from the blood 
to the tissues. Cushny '! expressed the opinion that the xanthines acted 
directly on the epithelium of the kidneys, causing increased filtration 
through the glomerular capsule and probably lessened reabsorption in 
the tubules. Cessation of diuresis after prolonged administration of the 
drug, he considered to be due to a further effect on the glomerular 
epithelium causing a diminution in its permeability. In its practical 
application, theophylline has proved to be a satisfactory diuretic.’* 
Most recent investigators ‘* expressed the belief that the most effec- 


tive agent at this time for relief from cardiac edema was compounds of 


mercury in combination with the acid-forming salts, ammonium chloride 
and ammonium nitrate. Merbaphen is a double salt of soditumoxymer- 
curiochlorphenoxy acetate with diethyl barbituric acid. It was intro- 
duced, in 1920, by Saxl and Heilig.1* Its diuretic property was noted 
incident to its use as an antisyphilitic in decompensated syphilitic disease 
of the heart. Merbaphen itself contains 33.9 per cent of mercury in a 
complex nonionizable combination. As a diuretic. however, it is 
employed in a 10 per cent solution. 

Most of the earlier investigations were made in Germany,** with the 
exception of those by Neuhof '* of New York who reported favorable 
results, in 1924, in a series of eight patients. 

In those patients in whom merbaphen is effective, the diuresis begins 
from three to four hours after the injection and continues to a lesser 
degree during the following twenty-four hours.'? The point of action of 
merbaphen has not vet been definitely determined. 


10. Fleisher, M. S., and Loeb, L.: The Influence of Caffeine on Absorption 
from the Peritoneal Cavity and the Influence of Diuresis on Edema, J. Exper. 
Med. 12:510, 1910. 

11. Cushny, A. R.: The Secretion of Urine, New York, Longmans, Green & 
Company, 1926. 

12. Marvin, H. M.: The Value of the Xanthine Diuretics in Congestive Heart 
Failure, J. A. M. A. 87:2043 (Dec. 18) 1926. 

13. Keith and Whelan (footnote 6). Crawford, J. H., and McIntosh, J. F 
Observations on the Use of Novasurol in Edema Due to Heart Failure, J. Clin 
Investigation 1:333, 1925. Oerting, H.: Minnesota Med. 8:593 (Sept. 8) 1925 
White, A. E. R., and Zacharin, David: M. J. Australia 1:273 (Feb. 19) 1927. 

14. Saxl, P., and Heilig, R.: Ueber die diuretische Wirkung von Novasurol 
und anderen Quecksilberinjecktionem, Wien. klin. Wehnschr. 33:943, 1920. 

15. Biedermann, J.: Gyégyaszat, no. 6, 1921. Eppinger, H.: Therap. d 
Gegenw., March, 1921. 

16. Neuhof, S.: Therap. Gaz., Jan. 15, 1924. 
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Eppinger (footnote 15, second reference). 
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Jacobs and Keith ** showed what they termed remarkable diuresis in 
three patients with heart failure and edema, in whom only the acid- 
forming salts were used. They assumed that the action was due to the 
anion, probably by changing the H-ion concentration of the tissues and 
the tissue fluids. This acidosis diuresis was previously noted by 
Haldane.’® 

Keith, Barrier and Whelan *? had shown striking results with the 
combination of ammonium chloride and merbaphen. They repeated the 
study ° and confirmed the previous good results with the combination. 
In those patients who reacted to the combination of diuretics the follow- 
ing facts were noteworthy: a shift of the acid base equilibrium to the 
acid side, and a fall in the plasma chloride to below the normal threshold 
of about 336 mg. per hundred cubic centimeters during the height of the 
diuresis, with a slow rise to normal when the diuresis had ceased. This 
fall in plasma chloride had previously been noted by Crawford and 
MclIntosh.*. The action of merbaphen and ammonium chloride in com- 
bination as an effective diuretic would seem to be the ability of 
merbaphen to mobilize and cause the excretion of sodium chloride in a 
slightly acid medium.° 

METHODS OF TREATMENT 


During the past two and one-half years in this clinic diuretics have 
been administered to forty-six patients with heart failure and persistent 
edema, on eighty-five different occasions. A definite routine was fol- 
lowed in studying each case. The patients were put to bed and, unless 
there were some special indications, digitalis was withheld until the 
weight was stationary for about five days or until it was evident that 
rest alone would not cause further loss of weight from relief from 
edema. Digitalis was then given in a routine manner to the point of 
mild toxicity; after a rest of twenty-four or forty-eight hours when all 
signs of toxicity had disappeared, it was resumed in maintenance dosage. 
The intake of fluid was limited to about 1,200 cc. in twenty-four hours 
and the diet was deficient in salt. The patient was weighed every morn- 
ing and his daily urinary output was regularly measured. When it was 
apparent that there could be no further loss of weight from digitalis, 
which was usually from seven to ten days after complete digitalization, a 
diuretic was administered. Digitalis in maintenance dosage was con- 
tinued throughout the period of administration of the diuretic. 


18. Jacobs, N., and Keith, N.: The Use of Diuretics in Cardiac Edema, 
M. Clin. North America 10:605 (Nov.) 1926. 

19. Haldane, J. B. S.: Experiments on the Regulation of the Blood’s 
Alkalinity, J. Physiol. 55:265 (Aug.) 1921. 

20. Keith, N. M.; Barrier, C. W., and Whelan, M.: The Diuretic Action of 
Ammonium Chlorid and Novasurol in Cases of Nephritis with Edema, J. A. M. A. 
85:799 (Sept. 12) 1925. 
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Urea.—Urea was administered to four patients in doses of from 30 
to 60 Gm. a day. Special precautions were taken to give the drug well 
diluted and immediately after meals, in single and divided doses, but with 
no freedom from the gastric irritation. In each instance it induced 
vomiting and had to be discontinued before its diuretic effect could be 
determined. Crawford and McIntosh,’ however, reported favorable 
results in seven of eight patients whom they studied. 
Calcium.—Calcium chloride and calcium lactate given in doses of 
from 60 to 180 grains (3.9 to 11.7 Gm.) daily, both by mouth and intra- 
venously, proved ineffective in six patients of the present series of patients 
with cardiac edema, although the remarkable effect of this drug was 


noted in some cases of nephritic edema. 
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Chart 1—Effect of diuretics on a white man, aged 48, with rheumatic disease 
of the heart. No loss of weight was noted after digitalization, and complete 
relief from edema was obtained. The patient remained free from edema for 
five months. (Complete chart is not shown.) 


Acid-Forming Salts—Following the work of Jacobs and Keith ** 
the acid-forming salt, ammonium chloride was administered to eight 
patients. In each case it failed to produce a diuretic effect. It was used 
in doses up to 120 grains (7.8 Gm.) daily. Chart 3 shows one case in 
which doses of 60 grains (3.9 Gm.) daily over a period of fifteen days 
did not induce diuresis. Keith and Whelan ° reported definite diuresis in 
three patients with nephritic edema and the ascites of portal cirrhosis, 
to whom ammonium chloride was given. Gamble, Blackfan and 
Hamilton ?? reported the theoretical value of the acid-forming salts in 
edema, but they used only one case of nephritic edema and two patients 


22. Gamble, J. L.: Blackfan, K. D., and Hamilton, B.: A Study of the 
Diuretic Action of Acid Producing Salts, J. Clin. Investigation 1:359 (April 20) 
1925. 
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without edema. Since the present study was made on edema associated 
with cardiac failure, this may explain the difference in the results. 
Occasionally a patient is encountered in whom ammonium chloride 
induces nausea and less frequently vomiting. In no instance was it 
necessary to discontinue the drug because of its gastric effect. This was 
overcome in one patient by giving the ammonium chloride by rectum. In 
other patients the ammonium chloride was given well diluted and imme- 
diately after meals with the prompt disappearance of gastric symptoms. 
In others it was necessary to use from four to twelve capsules to make 
up the desired daily dose. Instances of acidosis have been noted after 
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Chart 2.—Effect of diuretics on a white woman, aged 38, with active rheumatic 
disease of the heart. Marked diuresis was noted only after the addition of 
ammonium chloride. (The complete chart indicating digitalization is not shown.) 
Immediate clinical improvement was marked, but the patient died of progressive 
heart failure five months later. 


Bannon. ongr 
Ser. 


50 
WEIGHT IN KILOGRAMS 
40 


Chart 3.—Further data on the same patient as in chart 2. Note the ineffec- 


tiveness of ammonium chloride when given alone, and the rapid loss of weight 
when merbaphen is added. (Control and digitalis observations are omitted.) 


prolonged administration of the drug.’® This was not observed clinically 
by me, although the dosage given was considered adequate. 
Merbaphen.—Merbaphen was administered alone to sixteen patients, 
with relief from edema in only five. The dose given was 1 cc. intra- 
muscularly every fourth day; when this dosage was ineffective the drug 
was given every other day. No case in which a result was not obtained 
on the lower dosage was affected by increasing the frequency of the 
injection. If no diuresis was noted after the third or fourth injection, 
merbaphen was considered ineffective and was discontinued. As _ has 
been noted,?* when diuresis occurred it usually began three or four hours 


23. Keith and Whelan (footnote 6). Biedermann (footnote 15, first refer- 
ence). Eppinger (footnote 15, second reference). 
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after the injection and continued for the next twenty-four hours. Occa- 
sionally, there was some persistence of the diuresis in the following 
twenty-four hours. In thirty-one instances in which it was given, either 
alone or in combination with ammonium chloride, a bloody stool was 
noted in only one, and this after two intramuscular injections of 1 ec 
four days apart. In four other instances soreness of the gums called for 
cessation of the treatment. In two patients the drug was improperly 
administered by the nurse who gave it subcutaneously rather than intra- 
muscularly. This faulty technic resulted in a local slough in both cases. 
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Chart 4.—Effect of diuretics on a white man, aged 37, with active rheumati 
disease of the heart. (The complete chart is not shown.) Observe the stimulat 
ing effect of sodium chloride on diuresis. The excretion of urine and chloride 
was determined daily; it is drawn to a semilogarithmic scale. The weight was 
used as the guide to the effect. 


Merbaphen and Ammonium Chloride Combined.—In fifteen instances 
in which ammonium chloride alone or merbaphen alone was ineffective, 
the combination of both produced quick and dramatic effect in fourteen 
patients or about 93 per cent. The effectiveness of this combination is 
clearly shown in charts 1, 2, 3 and 5. In the patients in the latter three 
charts, the single medication was apparently insufficient to initiate 
diuresis. 
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Theophylline —Synthetic theophylline was administered thirty-two 
different times. It was effective in entirely removing the edematous 
fluid in twenty instances or 62.5 per cent. It was given in doses of from 
9 to 30 grains (0.58 to 1.95 Gm.) daily in capsule. The dosage was 
increased only when the smaller amount was ineffective. When the 
urinary output diminished, the theophylline was discontinued for about 
three days on the assumption that it was producing a direct inhibitory 
effect on the glomerular capsule.‘ In a few patients theophylline 
induced nausea and occasionally vomiting, even with smaller doses. In 
these patients it was discontinued and some other diuretic was used. 
This toxic effect, however, was not found to be the rule when the 
theophylline was given with meals and well diluted. 
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Chart 5.—Effect of diuretics on a youth, aged 19, with active rheumatic disease 
of the heart. The urinary and chloride output is charted on a semilogarithmic 
scale. Note the apparent ineffectiveness of merbaphen when given alone and 
the need for persistence in the treatment for edema. 


Diuretin—After using diuretin in doses of from 30 to 45 grains 
(1.95 to 2.92 Gm.) daily with no effect in four patients, it was discon- 
tinued because of the availability of more effective diuretics. This 
inadequate activity of diuretin as a diuretic had been noted by others.** 


COMMENT 
Jecause of igh percentage of effectiveness witl srbaphen and 
secause of the high percentage of effectiveness with merbaphen ane 
ammonium chloride, in combination, it would seem that this is the 


24. Marvin (footnote 12). Taylor, Lester: Clinical Studies in Caffeine, Arch. 
Int. Med. 14:769 (Dec.) 1914. 
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diuretic of choice in the treatment for edema associated with heart fail- 
ure. It should be used with caution where there is an associated 
nephritis, hypertension, exudate or hemorrhage in the retinas, and even 
in the case of elderly persons, starting with injections of 0.5 cc. at as 
great an interval as possible (one week at least) and watching carefully 
for the first signs of toxicity. 

Relief from cardiac edema in certain patients is more or less simple, 
requiring only the exhibition of a known diuretic substance in a fixed 
scale of dosage. When this method fails to effect diuresis, further 
measures are necessary. In two patients of the present series there was 
a cessation of the effect of merbaphen and ammonium chloride before 
complete relief from edema had been effected. It was thought that the 
blood chloride, as determined at that time, was below the kidney 
threshold and consequently no diuresis was possible. Accordingly, both 
patients were given sodium chloride. Five grams was given by mouth 


Comparative Action of Diuretics 


Number Reaction, 
Diuretie of Trials Effective * Not Fffective per Cent 


Merbaphen and ammonium chloride f 14 1 98.0 
Theophylline 32 9 1? 62.5 
Merbaphen 5 31.0 
Ammonium chloride 

Urea 
Caleium 6 
Diuretin 4 


{ 


Total 2 46 
* Complete relief from edema. 


on three successive days, raising the blood chloride in one patient from 
246 to 445 mg., and in the other patient who responded, from 396 to 
429 mg. Merbaphen alone given at this point produced quick and com- 
plete relief from edema. 

These two cases raise the question of the relationship of the blood 
chloride level to the effectiveness of merbaphen as a diuretic. Chart 4 
illustrates one of the cases in which sodium chloride appeared to add to 
the effectiveness of the diuretic. It is of interest, that while merbaphen 
alone was insufficient at the beginning, after the administration of the 
sodium chloride it produced a rapid diuresis without the aid of ammo- 
nium chloride. Keith and Whelan® likewise noted this cessation of 
diuresis when the plasma chloride content was below the normal 
threshold. In one case they administered ammonium chloride with 
satisfactory results, but when sodium chloride was administered, the 
patient’s weight increased and diuresis did not occur. The diuresis in 
the present cases, however, only followed the further administration of 
merbaphen, and the sodium chloride seemed clearly to augment its 


474 ARCHIVES OF INTERNAL MEDICINE 


effectiveness, whereas in Keith and Whelan’s case a diuretic was not 
given following the sodium chloride. 

The accompanying table is arranged to show the comparative action 
of the diuretics. It gives the diuretics used, the number of trials of 
each and their effectiveness. They were effective in completely remov- 
ing edematous fluid in thirty-nine instances and ineffective in forty-six. 

Marvin *° found that in patients with congestive heart failure occur- 
ring with arteriosclerotic disease of the heart, the edema was more often 
relieved than the edema occurring with other etiologic types of disease 
oft the heart. Chart 6 shows that this is not my experience. In rheu- 
matic disease of the heart, 80 per cent reacted to diuretics while in 
arteriosclerotic disease of the heart, only 37 per cent reacted. The small 


Rheumatic Unknown Art Scler. Syphilitic 
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wo responsero piuretic 
RESPONSE(CoM PLETE RELIEF OF EDEMA) 
Rheumatc Unknown Art.Scler. Syphilihic Totol 


12 |. | 7 7 


Chart 6.—Response to a diuretic according to the etiologic type of disease of 
the heart. 


percentage (20 per cent) of reaction in the syphilitic group is interesting. 
In view of this observation it is difficult to accept Marvin's statement that 
“individuals with rheumatic heart disease seldom show satisfactory 
diuresis.” Not only was the best percentage of reaction noted in the 
rheumatic group, but even the presence of persistent cardiac activity 
did not seem to hinder the effectiveness of the diuretic. This is shown 
in chart 7. 

In the course of this study it seemed that there was a definite prog- 
nostic significancé in the reaction or failure of reaction to a diuretic. 
Chart 7 shows an analysis of the patients to determine this fact. Of 
twenty-one patients who did not react to one or more diuretics, only six 


25. Marvin, H. M.: Digitalis and Diuretics in Heart Failure with Regular 
Rhythm, with Especial Reference to the Importance of Etiologic Classification of 
Heart Disease, J. Clin. Investigation 3:521 (Feb.) 1927. 
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left the hospital alive ; all were in a precarious condition and left at their 
own request. On the other hand, of twenty-five patients who responded 
to diuretics, fifteen were able to leave the hospital in an improved state, 
even though some degree of heart failure persisted. This seems to indicate 
that reaction to a diuretic under the conditions of this study is a distinet 
guide to the immediate prognosis. A follow-up was made, in the Out- 
Patient Cardiac Clinic, in only six of the fifteen patients discharged as 
improved after complete relief from edema by means of a diuretic. While 
the total number is small it shows the tendency of most of these patients 
to decline rapidly into progressive heart failure and to die in a compara- 
tively short time after discharge from the hospital. This is shown in 
chart 7. 


CASES NOT 
RESPONDING TO DIURETICS 


ROVED 


DIED OF PROG. FAILURE 
DIED SUDDENLY - CAUSE ? 


DIEDOF [NTERCURRENT 
INPRC- TION 
TOTAL 

“Complete Relief OF Edema 


FOLLOW-UP ON PATIENTS DISCHARGED AS IMPROVED 


JOJTAL NODATA DIED WITHING MONTHS DIED MONTHS AFTER 
is 9 5 1 


Chart 7.—Relationship between the reaction to a diuretic and the immediate 


prognosis. Only one of the patients discharged as improved was alive at the end 
of the year. 


A study of chart 7 shows that of forty-six patients with congestive 
heart failure who did not react to digitalis by diuresis (although the 
vagal effect was marked in most cases) twenty-eight died within six 
months, and seventeen were discharged from the hospital with varying 
degrees of congestive failure. One patient who reacted to a diuretic 
died of congestive failure eighteen months later. 

While one may not wish to draw any conclusions concerning the value 
of the reaction to diuretics as a guide to immediate prognosis, this study 
indicates that in the entire group of patients who do not respond to 
digitalis by diuresis, it is exceptional for life to exceed six months. 
Marvin's *° figures in this regard are comparable to mine. There is no 
evidence from the present study or from the literature that relief from 
edema by means of a diuretic, after digitalis has failed, does any more 
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than temporarily influence the prognosis. Since edema of this type is 
due directly or indirectly to a failing myocardium which does not respond 
to the best therapeutic measures at one’s command, rest and digitalis, it 
is obvious that diuresis is only a palliative measure. While a favorable 
diuretic effect increases the expectancy of life in some patients for a 
short time, its greatest value lies in relief from one of the most distress- 
ing features of terminal heart disease, anasarca. 


SUMMARY 

Cardiac edema can be relieved by digitalis in most instances. 

In those patients in whom digitalis is ineffective, diuresis may be 
produced frequently by other drugs. 

Of the many diuretics at my disposal, theophylline and merbaphen, 
in combination with ammonium chloride, have been most useful. 

In a series of forty-six patients with congestive heart failure in 
whom edema was not relieved by digitalis, diuretics were successful in 
twenty-five cases, or about 54 per cent. 

The greatest incidence of reaction was noted in the rheumatic group. 

A striking incidence of reaction was noted in the rheumatic group 
with persistent cardiac activity. 

It may be that the cessation of diuretic effect before edema is com- 
pletely relieved is due to a temporary depletion of blood chloride. This 
appears to be borne out by two patients in the present series. 

The failure of reaction to adequate digitalization indicates a marked 
diminution of cardiac reserve. Even when the patients subsequently 
reacted to a diuretic by complete relief from edema, length of life 
exceeded six months in only one instance. 
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BLOOD SUGAR REGULATION IN IDIOPATHIC 
STEATORRHEA 


II. THE ORIGIN OF THE LOW BLOOD SUGAR CURVE * 


T. E. HESS THAYSEN 


COPENHAGEN, DENMARK 


In a preceding paper’ the “low blood sugar curve’’ was defined as 
a curve with a rise of only 40 mg. per hundred cubic centimeters 
or less after the ingestion of about 60 Gm. of dextrose, provided that 
the determination was made by Hagedorn and Norman-Jensen’s method 
and that the blood was drawn at intervals of from ten to fifteen minutes. 
Further, it was pointed out that the low blood sugar curve occurred 
frequently in the idiopathic steatorrheas, and its clinical significance 
was discussed. In this paper, I shall report some investigations that I 
made in order to understand how the low blood sugar curve comes 
about. 

Assuming that the symptoms of the idiopathic steatorrheas arise 
from some disturbance in absorption which applies chiefly to the 
alimentary fats but perhaps also, in lesser degree, to the proteins, one 
might imagine that the slight rise of the blood sugar curve after the 
ingestion of dextrose is due to a lowered absorption of dextrose or, as 
Herter * assumed in the case of Gee-Herter’s disease, to a destruction 
of dextrose through abnormal bacterial action. This theory is suggested 
by the fact set forth in the preceding paper, that the blood sugar 
curve is normal in the cured patients, and that it rises in the good 
periods of the disease. As low blood sugar curves, however, may occur 
in these periods with normal stools (patients 2 and 4, table 3), of which 
the curve in the accompanying chart is a good illustration, and as a 
normal curve may be found during a period of severe fatty diarrhea 
(patient 7, table 3), the observations indicate that the rise of the blood 
sugar curve is a phenomenon concurrent with improvement in the 
absorption of fat. 

To evade the influence which a lowered absorption or a destruc- 
tion of dextrose in the intestines might have on the form of the blood 
sugar curve, I gave intravenous injections of 20 Gm. of dextrose to 

* Submitted for publication, Feb. 11, 1929. 

* From the Medical Department of St. Elizabeth’s Hospital. 

1. Thaysen, T. E. H., and Norgaard, A.: The Blood Sugar Regulation in 
Idiopathic Steatorrhea: I. The Low Blood Sugar Curve, Arch. Int. Med. 44:17 
(July) 1929. 

2. Herter: Intestinal Infantilism, New York, The Macmillan Company, 1908 
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six patients. The injection time was from two to three minutes. Four 
of the six patients (cases 2, 4, 10 and 5) showed a low curve on 
some of the tests; the others showed a low curve on every test. 

Table 1 shows that in three of the cases, the tolerance figure, which 
is calculated after Stephan Jorgensen’s * formula, is lower than any 
which he demonstrated in patients with normal carbohydrate metabo- 
lism, in whom the lowest loading figure was 49. The fourth patient 
with a low curve (case 2) showed a normal loading figure. The load- 
ing figure is also normal in case 6 (with a low level curve) and in 
case 8 (with a normal curve after the ingestion of dextrose). Leaving 


60Gm. Dextrose 


° 


10 20 30 40 > 60 70 80 


Blood sugar curve for patient 6, showing no rise whatever but instead, a slight 
fall after the ingestion of dextrose. This would seem to indicate that the patient 
did not take the dextrose. The assistant observed, however, that she drank the 
solution of dextrose after which she was nauseated, as she had been after the 
ingestion of dextrose on previous examinations. Figures along bottom of chart 
indicate minutes. 


Taste 1—Tolerance Figures After the Intravenous Injection of 20 
Gm. of Dextrose 


Rise of 
Blood Sugar 
After the In- Toler- 
gestion of Dex- ance Figure 
trose, Milligrams After the 
Patient per Hundred Injection of 20 
Number . Sex* Cubic Centimeters Gm. Dextrose Comment 


121 Nontropical sprue 


Nontropical sprue 
Nontropical sprue 


Nontropical sprue 


Nontropical sprue 
Almost free from symptoms 


Tropical sprue 


* In this and the following tables the female sex is indiciated by 2, the male sex by 


3. Jorgensen: Acta med. Scandinav. 64:116, 1926. 
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out patient 8, there is an average loading figure of seventy-four in five 
patients with low or low level curves, while Jorgensen found an aver- 
age loading figure of 107 in thirty-two normal persons and, later (not 
published), an average of 113 in thirteen normal persons. Taking the 
group as a whole, three of six curves are abnormally low and _ fall 
rapidly to the fasting value. That agrees with the frequency of the 
low blood sugar curve in the tests after the ingestion of dextrose 
(50 per cent). 

Although these observations definitely indicate that the cause of the 
low blood sugar curve is not to be found in a decrease or impairment 


TasLe 2.—The Respiratory Quotient Before and After the Ingestion of 70 Gm 
of Dextrose 


Respiratory 
Respiratory Quotient 
Quotient After In- 
Before In- gestion of 


Patient gestion of 70 Gm. of Date 
Number Age Sex Dextrose Dextrose (1928) Comment 
2 43 0.75 515 Nontropical sprue; bad period 
0.75 0.92 
{ 3s 0.96 5/19 Nontropical sprue; bad period 
O96 
36 4 O81 0.99 3/13 Nontropical sprue; fairly good 
0.80 0.97 period; steatorrhea persisting 
6 os f 0.89 1.00 3/15 Nontropical sprue; bad period 
O86 O98 
7 57 2 0.98 1 5/2 Nontropical sprue; good period 
0.96 1.02 
8 0.76 0.87 6/19 Nontropieal sprue; good period 
O.75 
9 11 3/12 Gee-Herter’s disease; bad period 
O87 0.99 
10 17 f 0.84 0.95 * 5/16 Tropical sprue; good period 
OM 0.80 


*1 hour after the ingestion of dextrose. 


of the absorption of dextrose, I have tried further to establish this 
view by investigating whether the respiratory quotient * increases in 
these patients after the ingestion of dextrose. 

Table 2 shows that the respiratory quotient, determined after 
twelve hours’ fasting, rises as in normal persons to or nearly to the 
straight quotient of carbohydrate oxidation, three quarters of an hour 
after the ingestion of about 70 Gm. of dextrose in about 700 cc. of 
water. This shows that the ingested dextrose must have been absorbed 

The cause of the low blood sugar curve, therefore, cannot be 
defective absorption or destruction of the dextrose. It may be looked 


4. The respiratory quotient is determined with the self-registering respiratory 
apparatus, constructed by Hagedorn (Biochem. J. 18:1301, 1924). In clinical 
investigations, this apparatus has the particular advantage that instances of uneven 


ventilation can be detected. All doubtful observations have been discarded. 


| 
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for, then, in abnormal metabolism of dextrose. In view of the fact 
that the body is deprived of a greater or smaller part of its energy 
through the loss of fats in the stools, it would seem reasonable to 
assume that the organism utilizes the absorbed carbohydrates to a 
larger extent than normal instead of storing them as glycogen. If 
this explanation holds true, one must assume that the deposits of 
glycogen in the organism are smaller than normal. In order to find 
out if this is the case I determined the respiratory quotient in some of 
these patients after an ordinary diet of their choice, but rather low 
in fats, and aiter a diet high in carbohydrates (Hagedorn, Holten and 
Hecht-Johansen *), with the addition of 100 Gm. of fish and 10 Gm. 


Tas_e 3.—The Respiratory Quotient on Ordinary and Carbohydrate-High Diet 
Respiratory Respiratory 
Quotient, Quotient, 


Patient Date Ordinary Date Carbohydrate 
Number re Sex (1928) Diet (1928) Diet Comment 


0.75 0.75 Did not feel well; fe- 

0.74 0.75 brile during experiment 
(June 15, 1928) 

0.83 5/18 0.85 

0.83 0.85 

0.81 5/% 1.08 Did not feel well dur- 

0.80 ing experiment (June 
24, 1928) 

0.89 3/27 0.88 

0.56 

0.98 

0.96 

0.78 5/15 0.76 

0.78 0.76 


0.88 
0.87 


O81 3/16 0.84 
0.81 


Average 0.817 0.850 
of butter. These diets were given two days preceding the examination 
that was made after twelve hours of fasting. The results are given in 
table 3. 

Table 3 shows that when the patient is on an ordinary diet the 
average value of the respiratory quotient is 0.817, which is so high 
that even on that diet the organism must have a considerable amount 
of carbohydrate in reserve. On a diet high in carbohydrates the aver- 
age value of the respiratory quotient rises to 0.85, which agrees with 
the average respiratory quotient in normal persons on the same 
diet. According to Hagedorn, Holten and Hecht-Johansen, this is 
0.864+0.009. These tests, then, do not indicate that in these patients 
the organism is particularly poor in glycogen, or that it is incapable 


5. Hagedorn, H. C.; Holten, C., and Hecht-Johansen, A.: Pathology of 
Metabolism in Obesity, Arch. Int. Med. 40:30 (July) 1927. 
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of storing carbohydrates as glycogen. I may add that the ingestion 
of dextrose after an ordinary diet or one high in carbohydrates produced 
no sign that the patients converted carbohydrates into fats to any 
larger extent than normally. I further investigated whether these 
patients were capable of mobilizing their carbohydrate stores on injec- 
tion of epinephrine (1 mg. subcutaneously). As shown in table 4, I 
found a rise in the blood sugar curve that was rather high when 
compared with the observations of Brems,® Billingheimer,’ Brosalmer ° 
and Kylin.® 


Tape 4.—Rise in the Blood Sugar Curve After Injection of 1 Milligram 
of Epinephrine 


Rise in Rise in 
Milligrams Milligrams 
per Hun- per Hun- 


dred Cubie dred Cubie 
Centimeters Centimeters 
Afterthe After Injection 
Patient Ingestion of 1 Ce. of Urine, 
Number Age Sex of Dextrose Epinephrine Sugar Comment 


2 43 Q Negative Nontropical sprue 


4 88 9 38 114 Positive. Nontropical sprue 


5 36 58 Negative Nontropical sprue 


A. 4 32 70 Negative Gee-Herter’s disease * 
*] am indebted to Dr. Ellen Svensgaard for making this determination 


COMMENT 


By these observations, it is demonstrated that the low blood sugar 
curve in idiopathic steatorrhea cannot be due to defective absorption 
or destruction of dextrose in the intestines. Further, it cannot be 
occasioned by a marked systemic deficiency of glycogen. By this 
method of exclusion, one arrives at the view that the low blood sugar 
curve must be due to some disturbance in the regulation of the blood 
sugar. 

Considering that a low blood sugar value during fasting is found 
more frequently in idiopathic steatorrhea than normally, although 
hypoglycemic values are rather rare, and that the low blood sugar 
curve may be interpreted as an alimentary relative hypoglycemia, one 
might expect to find the same low blood sugar curve in the cases of 


6. Brems: Acta med. Scandinav. 64:547, 1926. 
. Billingheimer: Deutsches Arch. f. klin. Med. 136:1, 1921. 
. Brésalmer: Deutsches Arch. f. klin. Med. 137:299, 1921. 
. Kylin: Zentralbl. f. inn. Med. 45:745, 1924. 
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spontaneous hypoglycemia that are reported in the literature. This 
is further suggested by the fact that patients with idiopathic stea- 
torrhea often complain of excessive fatigue and have marked nervous 
disturbances and periodic attacks of a remarkably severe sensation of 
hunger, symptoms which are also found, although in a somewhat differ- 
ent form, in patients with spontaneous hypoglycemia. While these 
symptoms occur periodically in idiopathic steatorrhea, the nervous 


symptoms and the frequent but not constant sensation of hunger in 


spontaneous hypoglycemia seem to appear at definite times of the day, 
usually some time after meals and coinciding with the abnormally low 
blood sugar values. 

In those cases, however, in which the hypoglycemia is attributed 
to a lesion of the liver( Wagner and Parnas,’ Schnapper and van 
Crefeld,’! and, perhaps, Laroche, Lelourdy and Bussiere '*), there is 
no low blood sugar curve after the ingestion of dextrose but, instead, 
a normal (Schnapper and van Crefeld and Laroche) or an abnormally 
high rise (Wagner and Parnas). Wilder, Allan, Power and Robert- 
son '* found a similar abnormally high rise of the blood sugar curve 
in a case of spontaneous hypoglycemia that was thought to be due to 
hyperinsulinism produced by a metastasizing carcinoma originating in 
the islands of Langerhans. In those cases (Stenstr6m,'* Odin ?° and 
Petterson '®), in which the hypoglycemic coma is regarded as due to 
a disturbance of the blood sugar regulation that is exerted by the 
thyroid gland, the suprarenal glands and the insular tissue of the 
pancreas (on autopsy, Odin and Petterson found atrophy of the thyroid 
and suprarenal glands, together with increase of the pancreatic 
islands), the blood sugar curve '* was found to be normal (Stenstrém) 
or questionably low. (In a test made every twenty minutes by Odin 
and Petterson there was a rise of 31 and 34 milligrams per hundred 
cubic centimeters.) Also in those cases in which the origin of the 
Sendrail and 


9 


hypoglycemia was doubtful (Harris,’* Cammidge,' 


10. Wagner and Parnas: Ztschr. f. d. ges. exper. Med. 25:361, 1921. 

11. Schnapper and van Crefeld: Bull. et mém. Soc. méd. d. hop. de Paris 
52:1, 1928. 

12. Laroche, Lelourdy, and Bussiére: Presse méd. 36:513, 1928. 

13. Wilder, R. M.; Allan, F. N.; Power, M. H., and Robertson, H. E.: Car- 
cinoma of the Islands of the Pancreas, J. A. M. A. 89:348 (July 30) 1927. 

14. Stenstr6m: Deutsches Arch. f. klin. Med. 152:173, 1926. 

15. Odin: Acta med. Scandinav., supplement no. 26, 1928, p. 182. 

6. Petterson: Acta med. Scandinav. 69:232, 1928. 

17. No blood sugar curve is given by Gougerot and Peyre: Compt. rend. Soc. 
de biol. 93:1202, 1925. 

18. Harris, S.: Hyperinsulinism and Dysinsulinism, J. A. M. A. 83:729 
(Sept. 6) 1924. 

19. Cammidge: Lancet 2:1227, 1924. 
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Planques *°), there was a normal blood sugar curve. The injection of 
epinephrine in these cases caused a slight rise of the blood sugar curve 
(Wilder, Wagner and Parnas,’ 
14 


Schnapper and van Crefeld,'' Sten 
strom,'* Odin and Petterson ’®). In my own cases of idiopathic 
steatorrhea, the blood sugar curve was rather high after the injection 
of epinephrine. 

While no typical low blood sugar curve was encountered in the 
aforementioned cases of spontaneous hypoglycemia, and, as far as 
I know, curves of this kind are not particularly numerous in mono- 
glandular lesions such as myxedema, Addison's disease and hypophyseal 
lesions, the literature contains several reports of low blood sugar curves 
in experimental hyperinsulinism (Mansfeld,*! Albern and Beguslow * 
and Jorns **). These authors have shown that the oral administration 
of dextrose in dogs and rabbits is followed by blood sugar curves that 
are considerably lower some time after the ligation of Wirsung’s duct 
or after twisting of the pancreas than before the operation. This 
operation brings about a more or less pronounced atrophy of the 
pancreas and, as Herxheimer has particularly demonstrated in_ the 
chicken, hypertrophy of the islands of Langerhans with an increase 
of the insulin content. 

These experiments demonstrate excellently the influence that an 
increase in the production of insulin may have on the course of the 
blood sugar curve. As could be expected, these conditions are much 
more complicated in human pathology than in experiments on animals 
and they offer no dependable contribution to the understanding of how 
the low blood sugar curve occurs in idiopathic steatorrhea. For the 
present, one can merely state that the low blood sugar curve in 
idiopathic steatorrhea is due to an abnormality of the blood sugar 
regulation, and that no associated changes have been demonstrated in 
the liver, the organ of most importance in carbohydrate metabolism. 

In seeking the cause for the disturbance in the regulation of the 
blood sugar that underlies the low blood sugar curve, it is reasonable 
to associate it with that state of undernutrition in which patients with 
idiopathic steatorrhea usually have been for several years. Table 3 in 


‘ seems to confirm this view to some degree, as the 


the preceding paper 
blood sugar curve is normal in well-nourished patients (patients 7, 8 
and 12) and low in these poorly nourished. The table shows, however, 
that there is no definite demonstrable relation between the deficit in 


weight and the height of the blood sugar curve. In case 4, for instance, 


20. Sendrail and Planques: Gaz. d. hop. 100:1105, 1927 
21. Mansfeld: Klin. Wehnschr. 3:2378, 1924. 

22. Albern and Beguslow: Klin. Wehnschr. 7:586, 1928. 
23. Jorns: Klin. Wehnschr. 5:2452, 1926. 
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the weight of the patient was almost normal in spite of the low curve; 
in case 5, the curve did not rise in spite of a considerable gain in weight ; 
in case 6, it did not fall in spite of a loss of weight, and in case 10, the 
increase in rise of the curve was not connected with any gain in weight. 
Add to this the fact that the patients with high curves showed con- 
siderable clinical improvement and one might just as well associate the 
greater rise of the curve with the clinical improvement. This material, 
therefore, does not indicate any particularly definite relation between 
the nutrition of the patients and the height of the blood sugar curve. 

Recent investigations of the influence of a brief fast on the rise 
of the blood sugar curve showed that the rise is greater after fasting 
up to three days (Traugott **). As is well known, undernutrition for 
a longer period is often associated with mild glycosuria after meals 
i (“Vakantglykosuri,” Hoppe-Seyler*° and ‘“Hungerdiabetes,” Hof- 


meister *°), a form of glycosuria which Nothmann and Cobet ** regarded 
. as renal, and which was not connected with any low blood sugar curve 


in their experiments on animals. So far as I know, there are no usable 
: data on the form of the blood sugar curve in the hunger edema that 
4 occurred in Germany during the war. Jansen ** stated that in this case 
t the amount of blood sugar during fasting was either normal or a little 
i below normal. In carcinoma of the digestive tract, which often produces 
protracted and marked undernutrition, Friedenwald and Grove ** found 
that the blood curve rises higher and falls more slowly than it does 
normally, and that the blood sugar value during fasting is higher than 
; usual. These investigations, however, are hardly conclusive as to the 
influence of undernutrition on the rise of the blood sugar curve, because 


in idiopathic steatorrhea the undernutrition is protracted for a much 
j longer period than in the aforementioned conditions. Also, as is well 
known, chronic inanition causes loss of weight and, to some extent, 
‘ changes in the endocrine glands with the exception, apparently, of the 
pancreas (Jackson *°). In view of the fact that the parathyroid glands 
(tetany), the suprarenal glands (low blood pressure, abnormal pigmen- 
tation) and, eventually, the thyroid gland (increase of basal metabolism 
to 143 per cent) are not infrequently affected in cases of idiopathic 


steatorrhea, the question arises as to whether that disease of the 
endocrine glands regulating the blood sugar which supposedly underlies 


24. Traugott: Klin. Wehnschr. 1:892, 1922. 

25. Hoppe-Seyler: Verhandl. d. Kong. f. inn. Med., 1902, p. 384. 

26. Hofmeister: Arch. f. exper. Path. u. Pharmakol. 26:355, 1896. 

27. Nothmann and Cobet: Verhandl d. deutsch. Gesellsch. f. inn. Med., Kong. 
1928, p. 246. 

: 28. Jansen: Deutsches Arch. f. klin. Med. 131:144, 1920. 

f 29. Friedenwald and Grove: Am. J. M. Sc. 160:313, 1920. 

30. Jackson: Inanition and Malnutrition, London, J. & A. Churchill, 1925. 
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the low blood sugar curve is not occasioned by the same noxious factor 
that causes the aforementioned functional disturbances of the endocrine 
glands. 

SUMMARY 

The low blood sugar curve in idiopathic steatorrhea cannot be due 
to defective absorption or destruction of dextrose in the intestinal tract 
for the following reasons : 

1. The blood sugar curve is low just as often after intravenous 
injection of dextrose as after intake by mouth. 

2. The respiratory quotient rises to about one after the ingestion 
of dextrose. 

3. The respiratory quotient is higher on a diet of carbohydrates 
than on an ordinary diet. : 

The low blood sugar curve cannot be due to an increased oxidation 
of carbohydrates, caused by the loss in fats, as the respiratory quotient 
on an ordinary diet shows that the organism has a fair reserve supply 
of carbohydrates. 

The low blood sugar curve does not occur more frequently in cases 
of chiefly monoglandular endocrine lesions or in spontaneous hypogly- 
cemia than it does in normal persons. On the other hand, it can be 
produced in dogs by ligating the duct of Wirsung or by twisting the 
pancreas. 

The cause of the low blood sugar curve is uncertain. It can hardly 
be undernutrition; more probably it is due to some toxic effect on the 
endocrine glands which regulate the blood sugar content. 
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The frequency of the occurrence of renal insufficiency in the presence 
of Bence-Jones proteinuria deserves further emphasis. Geschickter 
and Copeland?! recently called attention to the close association of 
multiple myeloma, Bence-Jones proteinuria and renal disease, stating 
that the changes in the kidney in cases of multiple myeloma are as 
varied and diverse as the pulmonary changes, and that they are present 
in a larger proportion of the cases, about 70 per cent. If this state- 
ment is accepted, it must be remembered that these statistics regarding 
the presence of renal changes are based primarily on postmortem data. 
Most of the cases of multiple myeloma, approximately 80 per cent, 
occur in patients between the ages of 40 and 70 years, with the peak 
of incidence at 55 years. Therefore, some of the abnormalities found 
in the kidney, post mortem, may be entirely incidental and not the direct 
result of either the multiple myeloma or the proteinuria. On the other 
hand, the association of the two conditions is too common and _ the 
clinical and pathologic descriptions are too characteristic, as a rule, 
to be explained on the basis of coincidence. Some causal relationship 
must eNist. 

We have selected from the files of the Mayo Clinic thirteen cases 
of Bence-Jones proteinuria with evidence of some renal insuffi- 
ciency. This probably does not represent the entire series, as several 
patients were allowed to go home after the diagnosis of multiple 
myeloma had been made without undergoing any further studies from 
the standpoint of renal function, and therefore, the data are incomplete 
for the text of this discussion. This factor also precludes a statement 
on our part as to the actual frequency of association of the two con- 
ditions. Some of these cases were included in the previous reports of 


* Submitted for publication, May 6, 1929. 
* From the Division of Medicine, the Mayo Clinic. 


“1. Geschickter, C. F., and Copeland, M. M.: Multiple Myeloma, Arch. Surg. 
16:807 (April) 1928. 


: 
4 
4 
4 
d 


BANNICK-GREENE—RENAL INSUFFICIENCY 487 


Walters * and Meyerding.* Only the signifiant data relative to the 
renal function are included in the abstract of the case histories of the 
previously reported cases. Two additional cases, without renal 


insufficiency, are reported because of the studies on the serum proteins 


REPORT OF CASES 


Case 1.—A man, aged 47, came to the Mayo Clinic on Oct. 18, 1921, com 
plaining of weakness and soreness in the limbs and neck. The patient apparently 
had been in good health until September, 1920. At that time, however, he had 
begun to have sharp pains in the back, radiating to the left side and left lower 
quadrant of the abdomen. He had been under treatment in the hospital for a few 
weeks for nephritis, although urinary symptoms or edema had not been present 
at that time. There had been gradual recovery in the spring of 1921 with a gain 
in weight and strength, although on several occasions he had been unable to 
urinate and catheterization had been necessary. A second similar attack of left 
sided pain had been noted in June, 1921, at which time he had had fever for a short 
time, on several occasions as high as 104 F. He had been in bed for two months 
complaining of weakness, gas on the stomach, slight diarrhea and occasional attacks 
of vomiting. There had been no pain since then, but there had been tenderness 
on both sides of the abdomen and soreness along the legs, arms and neck. The 
home physician had found Bence-Jones protein in the urine a few days betore 
admission to the clinic, and had advised study here 

The patient was found to be anemic and pale. The heart was slightly enlarged 
to the left, and there was a slight systolic murmur at the apex. A moderate grade 
of arteriosclerosis of the brachial arteries was noted. There was some pigmen 
tation over the thorax, and especially around the genitalia and anal fold. There 
was no edema. Urinalysis disclosed Bence-Jones proteinuria, and, also, moderate 
albuminuria. The urinary sediment usually was clear, but on a few occasions it 
contained erythrocytes, casts and pus cells. The maximal excretion of phenol 
sulphonphthalein obtained on three occasions was 5 per cent in two hours. The 
blood urea was 218 mg., the uric acid 7.7 mg. and the creatinine 7.5 mg. per 
hundred cubic centimeters. The erythrocytes numbered about 2,000,000 per cubs 
millimeter of blood, and the hemoglobin by the Dare method was about 35 per 
cent. The leukocytes numbered from 5,000 to 7,500 per cubic millimeter of blood 
The blood pressure varied from 110 to 145 systolic and from 60 to 100 diastolic, 
measured in millimeters of mercury. There was fixation of the specific gravity 


of the urine. The ocular fundi were essentially normal, except for the 


nemic 
appearance and some choroidal sclerosis. The blood serum and spinal fluid wer: 
tested for the presence of Bence-Jones protein, with negative results. The Was 
sermann reaction of the blood was negative. Fractional analysis of gastric content 
revealed absence of free hydrochloric acid after a test meal. Roentgenograms oi 
the stomach gave evidence of a duodenal ulcer, whereas that of the chest disclosed 
slight enlargement of the heart. Roentgenograms of the head, spinal column, 
pelvis, both shoulders, arms and forearms, both femurs, accessory nasal sinuses, 


2. Walters, Waltman: Bence-Jones Proteinuria: A Report of Three Cases 
with Metabolic Studies, J. A. M. A. 76:641 (March 5) 1921; Chronic Nephritis 
with Bence-Jones Proteinuria: Effect of Radium Exposures on Quantitative 


Output of Bence-Jones Protein, M. Rec. 100:847, 1921. 
3. Meyerding, H. W.: Multiple Myeloma, Radiology 5:132, 1925 
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kidneys, ureters and bladder did not give evidence of abnormality. A diagnosis 
was made, therefore, of Bence-Jones proteinuria with marked renal insufficiency 
and associated arteriosclerosis. There was no definite evidence of infection of 
the genito-urinary tract although the early history suggested it, and chronic pyelo- 
nephritis probably accounted for some of the renal insufficiency. 


Case 2.—A woman, aged 59, registered at the clinic on May 30, 1928, com- 


plaining of loss of weight and weakness. Her history dated back two years, to 
the time when she had undergone operation for bunions. There had been pro- 
gressive malaise, loss of appetite and weight, nervousness and weakness. Six 
weeks before admission she had been hospitalized because of these symptoms, and 
at that time the basal metabolic rate was said to have been +45. She had no 
other characteristics of hyperthyroidism and operation had been postponed because 
the physician had not felt that there was sufficient evidence of hyperthyroidism 
to make surgical procedure advisable. 

Examination at the clinic revealed an elderly, anemic, cachectic woman. The 
thyroid gland was a trifle enlarged and firm and there was a hard nodule in the right 
lobe. The heart was slightly enlarged and a short, aortic systolic murmur, and 
an accentuated aortic second sound were noted. There was considerable sclerosis 
of the peripheral arteries. The lungs were clear. The patient had a fine tremor 
of the extended fingers, some weakness, especially in the quadriceps muscles, and 
a pulse rate of 100 to 130 a minute. There were no bruits over the thyroid gland 
and no ocular signs of hyperthyroidism. There was no edema. The blood pres- 
sure on admission was 210 systolic and 110 diastolic. Following hospitalization, 
it fell to 180 systolic and 100 diastolic. Examination of the fundus revealed 
some sclerosis of the retinal arteries of the hypertensive type. Two determina- 
tions of the basal metabolic rate were reported as + 20 and +17. There was 
marked proteinuria, and on microscopic examination of the urine a few hyaline 
and granular casts and some pus cells were found. Hemoglobin by the Dare 
method ranged from 30 to 35 per cent, erythrocytes numbered from 1,600,000 to 
2,000,000 and the leukocyte count was normal. Excretion of phenolsulphonphtha- 
lein was from 10 to 15 per cent in two hours. The blood urea ranged from 104 
to 132 mg., the creatinine from 3 to 4.8 mg., and the nonprotein nitrogen was 
74 mg. per hundred cubic centimeters. The total serum protein calculated from 
the refractive index was 9.35, and from the total nitrogen 9 and 8.9 per cent. 
The albumin was 2.5 and 2.87 per cent and the globulin 6.5 to 6.03 per cent. Tests 
of the serum indicated the presence of considerable quantities of Bence-Jones 
protein. Results of gastric analysis were negative, and the Wassermann reaction 
of the blood was negative. The urine gave a positive reaction for Bence-Jones 
protein on all examinations. Roentgenograms of the chest, stomach, colon, head, 
pelvis, spine and long bones did not reveal abnormalities. The patient failed 
steadily during thirty-nine days of hospitalization. A diagnosis was made of 
mild hyperthyroidism, Bence-Jones proteinuria with associated renal insufficiency, 
arteriosclerosis and hypertension. The patient was sent home with a poor prog- 
nosis, and died a few months later with almost complete suppression of urine. 


Case 3.—A man, aged 68, was admitted to the clinic on Sept. 1, 1928, com- 
plaining chiefly of pain in the right lower portion of the chest. For the preceding 
two months he had had this intermittent pain, which was worse if he lay on his 
right side. The pain was dull and aching, and seemed to be in the wall of the 
chest. For some time he had had some urinary difficulty, such as frequency of 
urination, dribbling and difficulty in voiding. Three months previously he had 
had a rather severe attack in which he had been obliged to urinate every few 
minutes. He had lost 30 pounds (13.6 Kg.) in weight in the last three months. 
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Examination revealed a weak, cachectic, anemic man. The heart was slightly 
enlarged to the left. There was definite sclerosis of the peripheral arteries, as 
noted at the radials. Otherwise general examination did not disclose gross abnor 
malities. The blood pressure was 120 systolic and 70 diastolic. Urinalysis 
revealed marked Bence-Jones proteinuria, and numerous erythrocytes and 
pus cells were found. The hemoglobin by the Dare method was 50 per 
cent, erythrocytes numbered 3,080,000 and leukocytes 7,000. The blood urea 
ranged from 100 to 115 mg. per hundred cubic centimeters and the creatinine 
from 8 to 9.2 mg. per hundred cubic centimeters. Roentgenograms gave evidence 
of multiple areas of destruction in the ribs on both sides, in the lumbar spine and 
pelvic bones, and over the entire skull. The Wassermann reaction of the blood 
was negative. A diagnosis was made of multiple myeloma, with Bence-Jones 
proteinuria and associated renal insufficiency and arteriosclerosis. The renal 
insufficiency was probably to be explained chiefly on the basis of pyelonephritis. 

Case 4 (Walters, 1921).—A woman, aged 42, was admitted to the clinic on 
March 2, 1921, because of loss in weight and strength of two years’ duration and 
because of a more recent history of polyarthritis and some enlarged, swollen, 
inguinal lymph nodes. 

Examination revealed an undernourished woman with hyperpigmentation of 
the entire body, polyarthritis, a circumscribed fluctuating swelling over the distal 
end of the left ulna, and palpable masses in both femoral regions. These were 
smooth and indurated and appeared to be fixed to the rami of the pubic bone, 
but roentgenograms of all the bones that seemed to be involved and of all the 
long bones, spine, skull and chest, were negative. There was no edema. The 
laboratory data as reported by Walters are outlined in table 1, and record a 
positive reaction for Bence-Jones protein in the urine, but otherwise the urinary 
data are negative. There was persistent anemia; estimation of the hemoglobin 
by the Dare method ranged from 55 to 60 per cent. The erythrocytes numbered 
from 2,750,000 to 3,000,000, the total leukocyte count was normal, but there was 
a relative increase in small lymphocytes of from 42 to 51 per cent. The blood 
pressure was 125 to 140 systolic and 80 diastolic. The excretion of phenolsul- 
phonphthalein was 7 to 10 per cent in two hours. The blood urea ranged from 
74 to 109 mg. and the creatinine from 3.5 to 7.5 mg. per hundred cubic centimeters 
The blood serum contained Bence-Jones protein. Examination of the fundi gave 
negative results. Request for biopsy of the femoral masses was refused and 
treatment with radium was given without benefit. The patient died on Aug. 19, 
1921, at her home. Consent for necropsy was not obtained. 


Case 5 (Walters).—A man, aged 49, came to the clinic because of a mass in 
the right side of the chest, which had been present for many years, but which 
had increased in size within the last six months. He complained, also, of a recent 
fracture of a rib on the right side, and of pain across the right part of the chest 
and across the region of the lumbar and sacral vertebrae. 

On general examination two masses were noted, one in the right side, and one 
in the left side of the chest. On fluoroscopic examination, metastasis was found 
in both lungs and in the lumbar and sacral vertebrae. The primary origin of the 
malignant condition was not discovered. Results of laboratory examination, as 
reported by Walters, are shown in table 1. These included, besides the Bence- 


Jones proteinuria, marked anemia and definite renal insufficiency, as indicated | 


excretion of phenolsulphonphthalein of 15 per cent in two hours, a blood urea cf 
84 mg. per hundred cubic centimeters, and definite impairment in the power of 
concentration of urine. The blood pressure was 145 systolic and 8&5 diastolic. 


Associated with Bence-Jones Proteinuria * 
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[here was no edema and in the urinary sediment were no erythrocytes, but there 
was a considerable number of casts and some pus cells. 

Case 6 (Meyerding).—A man, aged 43, came to the clinic on Oct. 29, 1923, 
complaining of weakness, drowsiness and loss of weight. 

The urine contained Bence-Jones protein, and roentgenograms of the osseous 
system revealed multiple areas of bone destruction in the humeri, upper end of 
the left radius and ulna, left tibia and ribs. A diagnosis of multiple myeloma 
with Bence-Jones proteinuria was made. Laboratory data are summarized in 


table 1. A diagnosis of associated renal insufficiency was made for several 


reasons. Excretion of phenolsulphonphthalein was only 25 per cent in two hours, 
Moreover, the blood urea was 62 to 66 mg., the uric acid, 5.2 mg., and the creati- 
nine, 3.8 mg. per hundred cubic centimeters. There was also a definite tendency 
toward fixation in the specific gravity of the urine. The serum protein was 6.5 
and 7.3 per cent. There was no edema. The blood pressure was from 115 to 
125 systolic and 45 diastolic. Examination of the fundi gave essentially negative 
results. 


1¢ 


Cast 7—A woman, aged 52, was admitted to the clinic on Nov. 15, 1923, 
because of discomfort in the lower portion of the abdomen, and to have an inves 
tigation of an albuminuria. About two years before admission she had been 
knocked down on a stone floor, striking on her right hip and back. She had 


been com 


suffered severe nervous shock and, according to her description, had 
pletely paralyzed, unable to move hands, head or feet; yet, she had retained per- 
fect control of the sphincters. Movement in the upper extremities had returned 
rapidly, but for three weeks she had not been able to move her legs. Then she 
gradually had improved and had left her bed. However, she had experienced 
great difficulty in moving about and convalescence had been prolonged becaus« 
of nervousness and weakness. She never had felt entirely well since that time, 
and always had had some weakness and pains in the back, across the sacro-iliac 
region and between the shoulders. 

General examination showed the patient to be considerably underweight, and 
anemic, with moderate kyphosis. The heart was not enlarged and was not grossly 
abnormal; a systolic bruit was audible over the apex. In other respects, also, 
general examination gave entirely negative results except for large uterine fibro 


myomas. The blood pressure was 115 systolic and 70 diastolic. Urinalysis 


disclosed marked proteinuria. The erythrocytes numbered from 2,600,000 to 
3,400,000 and the hemoglobin, by the Dare method, was from 50 to @ per cent 


} 


The leukocyte count was normal. The excretion of phenolsulphonphthalein was 


30 per cent in two hours. Blood urea was 66 mg. and creatinine 2.5 mg. pet 
hundred cubic centimeters. The Wassermann reaction of the blood was negati 
Examination of the fundi gave negative results. There was no edema. Because 
of the unusual renal data, the urine was examined for Bence-Jones protein, and 
a positive reaction was obtained. Roentgenograms disclosed multiple areas of 
destruction in the bones of the head including the skull, in the ribs and in 
clavicles. The bones of the extremities were not involved. A diagnosis was made 
of multiple myeloma, with Bence-Jones proteinuria and associated secondar 
anemia and renal insufficiency. 

Case 8—A man, aged 60, was admitted to the clinic on Oct. 1, 1928, com 
plaining chiefly of difficulty in walking, of six months’ duration. Three or four 
years before admission he had had headaches, occurring once or twice a week 


and associated frequently with nausea and vomiting, but in the last six or eight 


months he had had little headache. One year previously, he had noticed a lump 
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over the upper part of the sternum. This had increased in size. For five or six 
months he had had shooting pains in the lower portion of the chest. Six months 
previously he had sprained his back while swinging at a golf ball, and had been 
disabled for some time as a result of this. In May, 1928, he had had a sudden 
pain in the back and had fallen to the ground without losing consciousness. He 
had been unable to stand, had crawled to the house on his hands and knees, and 
had been confined to his bed for twelve weeks, chiefly because of pain in the 
back, and in the chest. Giadually weakness had developed in both arms and legs 
and definite incodrdination, with some difficulty in speech, had appeared in the 
last two months. More recently he had noticed considerable loss of weight and 
frequency in urination. 

The patient was tall, thin and anemic. He showed evidence of loss of weight 
and strength and was somewhat ataxic. There was a large swelling in the upper 
end of the sternum approximately 9 cm. in diameter. General examination other- 
wise did not disclose abnormalities. There was no edema. The blood pressure 
varied from 175 to 210 systolic and from 115 to 140 diastolic. Urinalysis revealed 
marked Bence-Jones proteinuria, a few hyaline casts, erythrocytes and pus cells. 
The hemoglobin by the Dare method was 48 per cent; erythrocytes numbered 
2,800,000 and leukocytes, 7,900. Blood urea was 62 mg. per hundred cubic centi- 
meters. The Wassermann reaction of the blood was negative and examination 
of the spinal fluid gave negative results. Examination of the fundi disclosed only 
moderate arteriosclerosis of the hypertensive type. Roentgenograms of the chest 
gave evidence of diffuse dilatation of the arch of the aorta with a circumscribed 
shadow at the level of the second rib anteriorly. Roentgenograms of the head 
and of the lumbar and thoracic spine revealed multiple areas of destruction, 
probably multiple myeloma. A diagnosis was made of multiple myeloma with 
Bence-Jones proteinuria and associated renal insufficiency, secondary anemia, 
arteriosclerosis and hypertension, and an intracranial lesion, not definitely explained 
but probably associated with the multiple myeloma. 


Cast 9—A woman, aged 69, was admitted to the clinic on Aug. 16, 1927, 
complaining chiefly of generalized aches and pains and weakness of about eight 
months’ duration. This weakness had been steadily progressive, and associated 
vith it there was a loss in weight of between 50 and 60 pounds (22.7 and 27.2 
Kg.). The pain affected chiefly the lumbar and lower abdominal regions and 
was becoming progressively worse, so that at times she could not walk. Shortly 
before she had come to the clinic she had noticed progressive dyspnea, but there 
had never been any edema. She had been voiding urine every half hour in small 
amounts during the day, and frequently at night. 

At the time the patient was examined she was cachectic. Her heart was 
slightly enlarged, and there was an accentuated aortic second sound. Movement 
was extremely painful and some tenderness over the lower part of the abdomen 
was noted. The blood pressure was 185 systolic and 105 diastolic. Urinalysis 
disclosed marked proteinuria, and a positive Bence-Jones reaction was obtained. 
An uncatheterized specimen contained a few erythrocytes and considerable pus, 
but a catheterized specimen gave evidence only of marked pyuria. The hemo- 


globin was 45 per cent by the Dare method, the erythrocytes numbered 2,840,000 
and leukocytes numbered 14,000. The Wassermann reaction of the blood was 
negative. Analysis of gastric content gave negative results. Excretion of phenol- 
sulphonphthalein was 10 per cent in two hours. The blood urea was 46 mg. per 
hundred cubic centimeters. Roentgenograms of the stomach did not disclose 
abnormalities and in a roentgenogram of the chest the only abnormality was some 
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cardiac enlargement. Roentgenograms of the head, long bones and spine gave 
evidence of multiple areas of bone destruction suggestive of multiple myeloma 
A diagnosis was made of multiple myeloma with Bence-Jones proteinuria and 
associated renal insufficiency, arteriosclerosis, hypertension, cystitis and probably 
pyelonephritis. 

Case 10.—A man, aged 64, came to the clinic on May 22, 1924, complaining 
of weakness and dyspepsia. Two years before admission the patient had been 
struck by an automobile, and the right hip was fractured, the sacrum was bruised 
and the head injured. He had been in bed for five months as a result of this 
accident, and had not regained normal strength until a year later. Then, how- 
ever, he had begun to feel normal, had regained his appetite, had resumed his 
work and had felt as well as he ever had until about four months before admis- 
sion, when he had begun to have a dyspepsia such as that caused by peptic ulcer. 
Since that time, also there had been gradual loss of strength, a loss of 10 pounds 
(4.5 Kg.) in weight, and he had become pale and anemic. He had been obliged 
to urinate three or four times at night in recent months. 

The patient was anemic and emaciated, and arcus senilis was present. The 
heart and lungs seemed normal except for emphysema. Other significant abnor- 
malities were not noted except for enlargement, deformity and ankylosis of the 
right hip joint. There was some hypertrophy of the muscles of the right thigh, 
and a scar over the sacrum posteriorly as a result of the old injury. The blood 
pressure was 100 systolic and 65 diastolic. Marked Bence-Jones proteinuria was 
found on urinalysis, but only an occasional pus cell was found otherwise. The 
Wassermann reaction of the blood was negative. Examination of the fundi gave 
essentially negative results. Erythrocytes numbered from 2,400,000 to 2,800,000; 
hemoglobin was 40 to 45 per cent by the Dare method, and leukocytes numbered 
from 5,000 to 8,000. Excretion of phenolsulphonphthalein was 25 per cent in 
two hours. Blood urea was 50 mg., nonprotein nitrogen was 74, the uric acid, 
4.5, and the creatinine, 2.4 mg. per hundred cubic centimeters. Definite inability 
to concentrate the urine was noted. The serum protein was 6 per cent. Analysis 
of gastric content disclosed slight hyperacidity. Roentgenograms of the stomach 
revealed a perforated duodenal ulcer, and other roentgenograms showed that there 
was extensive malignancy in the bones of the skull, marked hypertrophic arthritis 
of the spine with destruction of the ribs, probably malignant, and flattening of 
the head of the right femur. The long bones seemed normal. A diagnosis was 
made of multiple myeloma, renal insufficiency, perforated duodenal ulcer and 
hypertrophic arthritis. 

Case 11 (Meyerding)—A farmer, aged 56, came to the clinic on Aug. 3, 1923, 
complaining of pain in the chest of four months’ duration following injuries 
received in a fall from a wagon. He had sustained a second injury of the chest 
a few days before coming for examination, when a cow had kicked him. A 
diagnosis of multiple myeloma was made based on the presence of Bence-Jones 
proteinuria, secondary anemia, history and roentgenograms. The roentgenologic 
interpretation was hypertrophic arthritis of the spine and lesion of the eighth rib, 
due to an injury or myeloma. 


The results of the laboratory examination as reported by Meyerding are sum- 
marized in table 1, as follows: Blood pressure was from 130 to 140 systolic and 
irom 70 to 80 diastolic; there was marked Bence-Jones proteinuria; urinalysis 
revealed occasional hyaline casts, erythrocytes and pus cells. The blood urea was 
50 mg., the creatinine 2.3 mg., and the uric acid 5.7 mg. per hundred cubic centi- 
meters. Erythrocytes numbered from 2,500,000 to 3,000,000, with hemoglobin 


‘ 
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from 45 to 55 per cent by the Dare method; the leukocytes numbered from 5,000 to 
7,000, There was no edema. Some tendency toward fixation of the specific 
gravity of the urine was noted. Examination of the fundi disclosed some arterio 
sclerosis and two small hemorrhages suggestive of the anemic type of hemorrhage. 
The basal metabolic rate was + 14. The blood from this patient showed marked 
autoagglutination in the laboratory. There undoubtedly was some change in the 
serum proteins, but the report of analysis unfortunately was lost. 


Case 12.—A woman, aged 70, registered at the clinic on Aug. 7, 1928. Six 
months before admission she had complained of severe pain high in the back and 
some swelling of the ankles. Urinalysis had revealed large amounts of “albumin,” 
and a diagnosis of chronic nephritis had been made. Since that time marked 
weakness had developed progressively with loss in weight and strength, nausea, 
vomiting, diarrhea and a sensation of heaviness and drawing over the lower part 
of the abdomen. For some time she had noted shortness of breath, and palpita- 
tion on exertion. 

Examination revealed a tall, thin, anemic, elderly woman. There was some 
dorsal kyphosis. The heart was enlarged slightly to the left and a systolic apical 
murmur was heard. There was some tenderness across the lower portion of the 
abdomen. The blood pressure was 130 systolic and 70 diastolic. There was no 
edema. Urinalysis disclosed marked proteinuria and a positive Bence-Jones reac- 
tion; microscopic examination of the urine gave entirely negative results. Hemo- 
globin by the Dare method was 60 per cent; erythrocytes numbered 3,650,000. 
Excretion of phenolsulphonphthalein was 35 per cent in two hours. There was 
a definite tendency toward fixation of specific gravity of the urine. Gastric con- 
tent was normal to analysis. Roentgenograms of the stomach were negative. 
Roentgenograms of the skull and long bones gave evidence of multiple myeloma 
of the skull and humerus. A diagnosis was made of multiple myeloma, with 
Bence-Jones proteinuria, associated secondary anemia, and early renal insufficiency. 

Cast 13.—A man, aged 55, was admitted to the clinic on July 7, 1926, with a 


complaint of “sciatica.” There was nothing significant in the family or per- 
sonal histories except an attack of rheumatic fever at 11 years of age, and 
several mild attacks of influenza. The present illness began a year before admis- 
sion when he strained his back while lifting. After a short period of disability, 
he was markedly improved until the latter part of March, 1926, when influenza 
was contracted. Following this, he began to have pains, across the lower part 
of the back, which were sharp and which radiated to the right hip. This pain 
was troublesome for a period of about two months, but from the end of that 
period had been less severe. 

Examination revealed a well developed, well nourished man. The general 
examination was essentially negative except for marked prostatitis. The patient 
complained of soreness over the sacro-iliac joints and over the right hip and 
inguinal region. However, there was very little limitation of motion and crepita- 
tion was not noted. The blood pressure was from 120 to 140 systolic and from 
70 to &5 diastolic; the temperature and pulse rate were normal. There was 
marked proteinuria. Microscopic examination of the urine was negative. Eryth- 
rocytes numbered from 3,200,000 to 3,800,000 and the hemoglobin by the Dare 
method ranged from 45 to 60 per cent. Leukocytes averaged about 6,500. Blood 
urea was 33 mg., the nonprotein nitrogen 40 mg. and the creatinine, 1.8 mg. per 
hundred cubic centimeters. Excretion of phenolsulphonphthalein was 45 per cent 
in two hours. Definite inability to concentrate urine was noted. There was no 
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because of the anemia in the presence of only slight renal insufficiency ; 
Bence-Jones reaction was obtained in all specimens 
The total protein calculated from the retractive 
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examination did not reveal evidence of renal insufficiency. These 
studies are reported in table 2 as cases 14 and 15. Case 14 has 
previously been reported by Walters? and Wilson.* It is of especial 
interest because the Bence-Jones proteinuria had been recognized by 
the patient’s physician three years before; yet there was no evidence of 
renal insufficiency. At necropsy elsewhere, the kidneys were reported 
to be grossly normal. 
COMMENT 

Many writers have emphasized the importance of examining the 
urine for Bence-Jones proteinuria in cases in which there is marked 
albuminuria, secondary anemia and no other evidences of renal 
insufficiency. This, of course, is good advice and it has resulted in the 


recognition of many cases of Bence-Jones proteinuria and multiple 


myeloma in which the diagnosis otherwise would have been missed. 
But too much emphasis has been placed on the “absence of other 
evidences of renal insufficiency,” and as a result Bence-Jones proteinuria 
and myeloma have not been sufficiently considered in cases in which 


these “other evidences” have been present. In too many instances renal 
insufficiency with proteinuria and anemia have been diagnosed as 
nephritis of some sort, and thought has not been given to the possibility 
of Bence-Jones proteinuria. It is only when the frequent association 
of the proteinuria and renal insufficiency is appreciated, and when the 
characteristic and unusual clinical picture is observed, that the large 
proportion of these cases can be correctly diagnosed. 

In several of the cases reported the diagnosis was made, even with- 
out appreciation of the frequent association of proteinuria and nephritis, 
because of the unusual clinical picture and the difficulty in explaining 
this picture by classifying it as any of the usual types of nephritis. 
Most of these patients are elderly people in whom renal insufficiency 
is usually explainable on the basis of a chronic pyelonephritis or by 
arteriosclerotic changes in the kidneys. However, the association of 
marked proteinuria and marked anemia, which is usual in Bence-Jones 
proteinuria is unusual in either chronic pyelonephritis or renal 
arteriosclerosis. The question of possible glomerulonephritis arises. 
Here again, the age of the patient, the absence of edema, of retinitis, 
and in many cases the absence of hematuria and hypertension as well 
is very unusual. Lastly, the frequent occurrence of marked anemia 
distinguishes these cases from the ordinary examples of chronic 
nephrosis. In cases in which the physician meets with so many 
difficulties in the endeavor to classify the so-called nephritis correctly, 
he should think of the possibility of Bence-Jones proteinuria. 


4. Wilson, D. W.: A Spontaneous Crystallization of a Bence-Jones Protein, 
J. Biol. Chem. 56:203, 1923. 
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This process of reasoning is especially applicable in cases without 
hypertension, but is sound even when hypertension is present. This 
is borne out very well in case 7, in which there was definite renal 
insufficiency, with a blood urea of 132 mg. per hundred cubic centimeters 
and an excretion of phenolsulphonphthalein of 10 per cent. The age 
of the patient, the absence of edema, of hematuria or of retinitis, and the 
presence of marked hypertension, suggested that the renal insufficiency 
was on a vascular basis, but the anemia was somewhat out of proportion 
to what could be expected in such cases. Likewise, the “albuminuria” 
was profuse. It was, therefore, thought advisable to examine the 
urine for Bence-Jones protein and the correct diagnosis was thus made. 

We do not wish to speak dogmatically regarding the cause of the 
renal insufficiency in these cases of Bence-Jones proteinuria because 
we were unable to corroborate our opinion by an examination of the 
kidneys in any of them. We believe, however, that a discussion as to 
the possible and probable causes is permissible, since it is based 
on a relatively large series of our own cases, with carefully controlled 
clinical and laboratory data, and on the clinical and pathologic deserip- 
tions that are scattered throughout the literature. Certain authors are 
of the opinion that chronic nephritis, with retention of nitrogen and 
low blood pressure, is typical of multiple myeloma and Bence-Jones 
proteinuria. Others believe that the chronic hypertensive type of 
nephritis, with retention of nitrogen, is the usual type. Our cases 
would seem to bear out the former idea, that the usual clinical picture 
is that of renal insufficiency, with little or no hypertension (ten of 
thirteen cases). Pyelonephritis produces this type of renal picture 
and apparently explains some of the cases reported in the literature, as, 
for example, in figure 12, published by Geschickter and Copeland in 
illustration of their case 7. Pyelonephritis probably is an important 
factor in the production of the insufficiency in several of our cases, 
cases 1, 3 and 9; however, it does not account for the renal insufficiency 
in most of them. 

Thannhauser and Krauss*® reported a case of multiple myeloma 
with Bence-Jones proteinuria and renal insufficiency of the type found 
in nephrosis with an exceptionally complete description of the renal 
lesion from both the clinical and the pathologic standpoints. The patho- 
logic-anatomic description of the kidneys in their case can be summed up 
by saying that there were found small, white, smooth kidneys in which 
microscopic examination showed evidences of diffuse, high-grade, 


5. Thannhauser, S. J., and Krauss, E.: Ueber eine degenerative Erhrankung 
der Harnkanalchen (Nephrose) bei Bence-Jonescher Albuminurie mit Nieren- 


schwund (kleine, glatte, weisse Niere), Deutsches Arch. f. klin. Med. 138:183, 
1920. 
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degenerative change in the tubular epithelium, whereas the glomeruli 
were only slightly involved, the so-called nephrotic contracted kidney. 

This description materially strengthens our belief that most of the 
renal insufficiency occurring in Bence-Jones proteinuria is the result 
of chronic tubular destruction with subsequent fibrosis. We believe 
this to be true of most of the cases reported in the literature as well 
as of our own series. 

The cases which occur with arteriosclerosis and hypertension, we 
believe are the result of arteriosclerosis alone, or of arteriosclerosis 
combined with pyelonephritis or nephrosis. It is entirely possible that 
the renal injury and the profound proteinuria may contribute to the 
increase of the arteriosclerotic factors which are already playing a part 
in many of these elderly patients. The occurrence of true glomerulo- 
nephritis apparently is rare, but that it does occur is suggested by a few 
cases, for example, by Geschickter and Copeland’s case 1. The amyloid 
reaction also has been reported in the kidneys in several cases. 

Longcope® and others* have emphasized the importance of 
foreign proteins in producing renal irritation and nephritis. Geschickter 
and Copeland reported that Stokvis claimed to have induced nephritis 
in dogs by the injection of the Bence-Jones protein. The majority of 
investigators have found that normal dogs can utilize or catabolize 
moderate amounts of Bence-Jones protein, but the excess beyond a cer- 
tain limit is excreted in an unchanged condition. Jacobson * considered 
that renal insufficiency led to retention of Bence-Jones protein in the 
blood stream. Decastello,? on the other hand, went so far as to suggest 
that the Bence-Jones protein is retained by the normal kidney and that 
a certain degree of nephritis is necessary to permit its appearance in 
the urine. These observations as well as those of Krauss '° indicate 
that the nephritic kidney may be somewhat more permeable for Bence- 


Jones protein than the normal kidney. However, it has been shown 
by the observations of Taylor, Miller and Sweet,’' Walters * and others 


6. Longcope, W.: Production of Experimental Nephritis by Repeated Proteid 
Intoxication, J. Exper. Med. 17:679, 1913. 

7. Thomas, W. A.:; Schlegel, K. W., and Andrews, Edmund: Urinary 
Proteins Not Originating in Blood, Arch. Int. Med. 41:445 (March) 1928. 

8. Jacobson, V. C.: A Case of Multiple Myelomata with Chronic Nephritis 
Showing Bence-Jones Protein in Urine and Blood Serum, J. Urol. 1:167, 1917. 

9. Decastello, Alfred: Beitrage zur Kenntniss der Bence-Joneschen Albumi- 
nurie, Ztschr. f. klin. Med. 67:319, 1909;,.Weitere Beobachtungen iiber Bence- 
Jonesche Albuminurie bei Leukamie, Wein. Arch. f. inn. Med. 1:335, 1920. 

10. Krauss, Erich: Studien zur Bence-Joneschen Albuminurie, Deutsches 
Arch. f. klin. Med. 187:257, 1921. 

11. Taylor, A. E.; Miller, C. W., and Sweet, J. E.: Studies in Bence-Jones 
Proteinuria: IT, J. Biol. Chem. 29:425, 1917. 
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that if a sufficient quantity of Bence-Jones protein is administered it 
will pass through the normal kidney. We also have observed several 
cases of prolonged Bence-Jones proteimuria in which renal disease 
could not be demonstrated even by close scrutiny. In one instance, 
case 14, the Bence-Jones proteinuria apparently had been present for 
three years. D’Allocco and others have reported the presence of Bence- 
Jones protein in the blood, and have considered it to be a renal irritant 
and so responsible for the development of a type of nephritis, which, 
however, did not show the clinical characteristics of true chronic 
interstitial nephritis. Later writers, such as Bewley,'* recognized the 
association, but they insisted even more strongly that the condition 1s 
not true nephritis ; rather it is to be ascribed to renal irritation produced 
by the passage of Bence-Jones protein through the kidney. The 
interesting observations of Thannhauser and Krauss already have 
been noted. 

Krauss also made repeated injections of Bence-Jones protein 
intravenously into four rabbits and produced changes in the kidneys 
which he interpreted as nephrosis. He emphasized the similarity, both 
functionally and pathologically, between the kidneys in some of these 
rabbits and the kidneys in the patient with Bence-Jones proteinuria 
previously reported by Thannhauser and Krauss. He expressed the 
helief that the nephrosis is caused by a general toxic reaction as well 
as by excretion of large amounts of this protein substance through the 
kidney. 

Perlzweig, Delrue and Geschickter,’* in addition, reported a case 
of multiple myeloma with marked hyperproteinemia, in which only 
traces of Bence-Jones protein were present in the serum. 

Our own observations on the serum proteins and on the occurrence 
of Bence-Jones protein in the blood in such cases and, as well, those 
reported in the literature are summarized in table 2. Hyperprotein- 
emia is not a constant characteristic, for it was present in only four 
of the eleven reported cases in which the serum proteins were deter- 
mined. This hyperproteinemia apparently is due to increase in the 
euglobulin. Similar changes have been observed in immunization 
experiments and in the production of diphtheria antitoxin in horses. 
Perlzweig, Delrue and Geschickter, therefore, considered that the 
hyperproteinemia in these cases may be interpreted as a systemic 
response to protracted intoxication with a foreign protein. This 
question cannot be answered definitely without further knowledge 


12. Bewley, Geoffrey: Bence-Jones Proteinuria, Irish J. M. Sce., 1927, p. 321 

13. Perlzweig, W. A.; Delrue, Georges, and Geschickter, Charles: Hyper- 
proteinemia Associated with Multiple Myelomas: Report of an Unusual Case, 
J. A. M. A. 90:755 (March 10) 1928. 
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regarding the source and origin of the serum proteins, but in view of 
the extensive disturbance of the bone marrow that is assumed to be 
responsible for the formation of the Bence-Jones protein, a similar 
cause may well be postulated for disturbances in the character of the 
serum proteins. 

Jacobson reported the presence of 7.86 per cent of Bence-Jones 
protein in the blood serum. We used this method in case 8. An 
abundant precipitate was obtained, but the Bence-Jones protein was 
contaminated by the presence of considerable amounts of globulin. 
Attempts at further separation led to considerable loss. Accurate 
separation of the Bence-Jones and serum proteins is not possible by 
the use of present day methods. As a result, we believe that the various 
figures previously reported with regard to the amount of Bence-Jones 
protein in the blood are only approximate at best. However, qualitative 
studies showing its presence or absence are more easily carried out. 

Table 2 shows that Bence-Jones proteinuria frequently but not neces- 
sarily accompanies Bence-Jones proteinuria. Bence-Jones proteinuria 
was present in fifteen and absent in five of the cases reported. Some 
degree of renal insufficiency was present in most of the cases in which 
Bence-Jones protein was present in the blood. Here again the relationship 
was not absolute, for there are cases not only of Bence-Jones proteinuria 
but also of proteinemia without demonstrable renal insufficiency, and 


cases of renal insufficiency occurred in which the Bence-Jones protein 
could not be demonstrated in the blood. 


It is evident, therefore, that the study of the blood proteins, with 
especial reference to the presence or absence of the Bence-Jones 
protein, has not served to establish a truly constant relationship between 
the changes in the latter and those in the kidneys. 


SUMMARY 


The frequent association of renal insufficiency and Bence-Jones 
proteinuria is emphasized. The usual clinical picture is that of marked 
proteinuria, rather marked secondary anemia, nitrogen retention, 
delayed excretion of phenolsulphonphthalein, little or no edema and 
little or no hematuria, hypertension or retinitis. This picture seems 
usually to be the result of destructive processes in the kidney, either 
tubular destruction with subsequent fibrosis or pyelonephritis. Asso- 
ciated arteriosclerosis and hypertension may occur in some cases. The 
occurrence of true glomerulonephritis is rare. The urine should be 
examined for Bence-Jones proteinuria in all patients presenting the 
group of symptoms just mentioned and in all cases in which profound 
proteinuria exists, especially when associated with anemia. In this 
way, many cases of Bence-Jones proteinuria will be recognized which, 
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at the present time, are being overlooked. This in turn will provide 
more data for the study of the nature of the renal insufficiency. 

The presence of Bence-Jones protein in the blood has been demon- 
strated in approximately 70 per cent of the cases in which examination, 
as suggested, has been reported. Hyperproteinemia is present in a 
smaller proportion of cases. There apparently was no constant relation- 
ship between this condition and the presence or absence of demonstrable 
renal insufficiency. 


RETICULOCYTOSIS PRODUCED BY LIVER EXTRACT 
TWO, THREE AND FOUR HOUR INTERVAL OBSERVATIONS * 


WILLIAM B. PORTER, M.D. 
AND 
HAZELWOOD IRVING 


RICHMOND, VA. 


During the past year and a half we have studied the response of 
patients with pernicious anemia to an aqueous extract of liver. This 
work has been conducted in conjunction with observers in three other 
clinics, so that a comparison could be made with the response to whole 
liver and to other liver extracts, to the end that an unbiased evaluation 
of its clinical worth might be established. The report of this work 
covers a study of forty-five patients with a macrocytic type of anemia.’ 
From a study of these patients, we conclude that liver extract E 29? 
produces results in every way similar to those which occur from the 
feeding of whole liver, except that the response is more prompt and 
rapid because the effective material from larger amounts of liver can be 
administered by this method. 

Minot * and his co-workers have established the fact that the most 
reliable criterion for evaluating the potency of a liver fraction is the 
response of hyperplastic bone-marrow to the effective substance, as evi- 
denced by the number of reticulocytes appearing in the circulating blood. 
They suggested that the number of newly formed erythrocytes retaining 
a reticulum stained with brilliant cresyl blue roughly indicates, on the one 


hand, the degree of bone-marrow hyperplasia, and on the other, the effec- 


* Submitted for publication, May 17, 1929. 

*From the Department of Medicine, Medical College of Virginia. 
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tive concentration of the substance producing erythrogenesis. The 
same observers noted, however, that “when maximum amounts are taken 
daily the number of reticulocytes at the peak of their rise per gram 
of liver fed is nowhere nearly as constant as when smaller amounts 
are ted.” They also noted variation in the magnitude of the reticulocyte 
response of different patients given the same amount of active principle, 
even when they have the same erythrocyte level. They concluded that 
“this variability is probably to be attributed to the state of the bone 
marrow.” 

Using daily counts as a guide to bone-marrow response, we early 
noted that there was a marked variation in the percentage of reticulo- 
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Chart 1—Curve showing the percentage of reticulocytes at intervals of two 
hours following the administration of 30 cc. of liver extract E 29, three times a 
day beginning November 21. The Minot-Murphy diet without liver was used. 
The patient (case 1016), aged 66, had a hemoglobin of 35 per cent, an erythrocyte 
count of 1,360,000 and a leukocyte count of 3,200. 


cytes released in different patients with the same degree of anemia and 
in whom the percentage of increase in hemoglobin and erythrocytes was 
consistent and practically identical. This showed that while the material 
was manifestly potent there remained a paradoxic reaction not subject 
to explanation, i. e., a variable and at times a low percentage of reticu- 
locyte response but a rapid increase in hemoglobin and erythrocytes, 
suggesting that the effective material found in liver operates in a twofold 
manner. The promotion of erythrogenesis in flooding the circulation 


with immature red cells represents the primary effect ; whereas the rapid 
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Chart 2.—Curve showing the percentage of reticulocytes at intervals of three 
hours following the administration of 30 cc. of liver extract E 29 three times 
daily, beginning December 26. The Minot-Murphy diet without liver was used. 
The patient (case 1013), aged 34, had a hemoglobin of 30 per cent, an erythrocyte 
count of 1,300,000 and a leukocyte count of 5,000. 
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Chart 3.—Curves showing the percentage of reticulocytes at two intervals each 
day, 8 a. m. and 4: 30 p. m., following the administration of 30 cc. of liver extract 
E 29, beginning December 22. The patient, aged 63, was given the Minot-Murphy 
diet without liver. A denotes a. m.; P, p. m.; the solid line, hemoglobin; the 
broken line, red blood cells, and the light line, reticulocytes. (Dr. W. S. Middleton 
supplied the data for this chart.) 
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and complete development of reticuincytes into mature red cells resulting 
from the maintenance in the circulating blood of a high concentration 
of the effective material is the phase that might prove misleading in the 
reckoning of reticulocytosis. 

Anticipating this possible source of error, we studied a series of 
patients with erythrocyte counts of less than 1,500,000 per cubic milli- 
meter who were given 30 cc. of liver extract E 29 three times a day, this 
amount having proved to be adequate to produce a prompt and maximum 
erythrogenesis in pernicious anemia. Counts were made in group | at 
intervals of two hours; in group 2, at intervals of three hours; while 
in group 3, they were made only twice a day, at 8 a. m. and 4:30 p. m. 
Three representative curves are reproduced in charts 1, 2 and 3. 

Among the many interesting phases suggested by these charts of 
bone-marrow physiology functioning under the influence of the sub- 
stance supplied by feeding liver, the rapid variation in the percentage 
of reticulocytes in a few hours is most striking, and the occurrence of 
several peaks on different days is in contrast to previously reported 
studies on this phase of bone-marrow physiology. Broadly speaking, the 
charts represent not only the degree of bone-marrow hyperplasia, but 
also a play between the release of reticulocytes and the complete matura- 
tion of the reticulated erythrocytes in the circulation into adult red cells 
by the same effective substance concentrated in the blood plasma. 


CONCLUSIONS 

These observations suggest that if a liver fraction is potent and 
is administered in adequate amounts, the maximum number of reticulo- 
cytes in the circulating blood may be present for a brief period. The 
total number of reticulocytes released in a given case is dependent on 
the volume of hyperplastic bone-marrow ; however, the percentage of 
reticulocytes may vary widely, dependent on the frequency of observa- 
tions. Obviously this is a factor of major importance if one is to use the 


percentage of reticulocytes as an index to potency and in establishing 
therapeutic dosage. 


THE HEMOGLOBIN PERCENTAGE AND THE RED 
BLOOD CELL -COUNT IN BRIGHT’S DISEASE, 
MYOCARDIAL INSUFFICIENCY AND 
HYPERTENSION * 


BENJAMIN 


NEW 


ASHE, 


YORK 


M.D. 
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Material Studied 
Bright’s Disease 


Analysis of Average Results 
Myocardial Insufficiency 
Hypertension 

Analysis of Individual Cases 
Acute Nephritis 

Effect of Hematuria 
Effect of Etiologic Factor 
Effect of Complications 
Chronic Diffuse Nephritis 
Effect of Infections (Granuloma) 
Effect of Albuminuria and Edema 


Hypertension with Varying Degrees of Renal Insufficiency 
Myocardial Insufficiency 
Cerebral Lesions 
Color Index (Nature of the Anemia) 
Renal Insufficiency 
Myocardial Insufficiency 
Cerebral Lesions 
The Effect of Anemia on Kidney Function 
Conclusions 


INTRODUCTION 


The problem of anemia in nephritis has received comparatively little 
attention, though its clinical incidence is high. This is in a measure due 
to the fact that the conception of nephritis as a constitutional disease, not 
exclusively related to renal pathology and symptomatology, is only slowly 
gaining clinical recognition. The remarkable studies of Volhard and 
Fahr and other pathologists and physicians, while serving to elucidate 
many problems with regard to renal symptomatology and postmortem 


observations, have detracted from the broader view of nephritis as a 
disease involving both renal and extrarenal factors. In the classic lecture 


* Submitted for publication, June 18, 1929. 
*From the Department of Medicine, New York Post-Graduate Medical 
School and Hospital. 
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of Theodore C. Janeway,’ given before the Harvey Society in 1913, the 
remark was made that the three most important aspects of the problem 
of nephritis are edema, uremia and hypertension. To these Mosenthal * 
added a fourth factor, renal insufficiency, and for some years it has 
been his practice, in presenting nephritis to postgraduate students, also 
to include anemia. 

Much of the work on anemia in this disease, preceding 1913 and 
1915, is contradictory chiefly because it is only since these years that 
tests for kidney function have been available. In 1922 and 1923, Brown 
and Roth * concluded, from a study of 187 cases of chronic glomerular 
nephritis, that most patients with this condition were subject to an anemia 
which was directly proportional to the increase of creatinine in the blood ; 
they also called attention to the prognostic significance of their data. 

It is the object in this paper to show that anemia is associated with 
and closely parallels the degree of impairment of renal function; that 
this relationship holds true for renal insufficiency whatever its cause ; 
that it applies whether the kidney lesion is acute or chronic, glomerular 
or diffuse, or a primary or secondary contraction. Certain modifications 
of the view proposed in the preceding sentence must be made for those 
stages of impairment of kidney function associated with congestive 
myocardial insufficiency, and for the cerebral manifestations associated 
with hypertension. But in these instances too, types of blood count are 
found, distinctive of each, which so far from vitiating the effect of the 
general conclusion, in fact serve as aids in estimating the relative impor- 
tance of the kidney, heart and brain in the combination of signs and 
symptoms which make up the different types and stages of “cardiovascu- 
lar renal” disease. 

MATERIAL STUDIED 

The 300 cases comprised in this study were taken from the medical 
histories recorded by Mosenthal on the service of the late Theodore 
C. Janeway, at the Johns Hopkins Hospital from 1914 to 1918, from 
private practice and from the medical service at the New York Post- 
Graduate Medical School and Hospital. This selection has the advantage 
of obviating the factor of individual technic in blood counting and lends 
value to the consistency of data obtained from various sources. The red 
blood cell counts were made in the usual manner. The hemoglobin 
determinations were made by the Sahli method in about 75 per cent 


1. Janeway, T. C.: Nephritic Hypertension (Harvey Lecture), Am. J. M. 
Sc. 145:625 (May) 1913. 

2. Mosenthal, H. O.: Metabolism in Nephritis; Endocrinology and Metabo- 
lism, New York, D. Appleton & Company, 1922, vol. 4, p. 312. 

3. Brown, G. E., and Roth, G. M.: The Anemia of Chronic Nephritis, Arch 
Int. Med. 30:817 (Dec.) 1922; The Prognostic Value of Anemia in Nephritis, 
J. A. M. A. 81:1948 (Dec. 8) 1923. 
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of the cases, and by the Dare hemoglobinometer in the remaining 25 
per cent. These were checked occasionally by the chemical determination 
of the hemoglobin and by the Newcomer method. 

Twenty-five cases of acute nephritis, 111 cases of chronic diffuse 
nephritis and 132 cases of hypertension are presented. Of these, sixty- 
eight cases showed cardiac decompensation, and in twelve cases of hyper- 
tension, cerebral lesions (and some impairment of kidney function) 
played the chief role in the clinical picture. For purposes of comparison 
and control, there were added eighteen “pure” cardiac cases, five ‘‘sur- 
gical” cases, five of polycythemia and four with secondary anemia. 

lor the majority of cases information was obtained as to the hemo- 
globin, red blood cells, color index, urinalysis, two hour renal function 
test, urea nitrogen in the blood, phenolsulphonphthalein excretion and 
blood pressure. In a few cases, in which the circumstances under which 
the patients were studied did not permit of so complete an analysis, 
sufficient clinical, laboratory and postmortem data were obtained to 
justify the grouping of these cases as charted in the tables. In many 
cases additional studies were made on the blood chemistry, Ambard’s 
constant, etc., which have been of aid in determining the classification 
employed in the tables given in this paper. 

The criteria according to which these cases were grouped as to the 
degree of impairment of renal function are based on the standards 
suggested by Mosenthal and Lewis,‘ and classified as none, slight, mod- 
erate, marked or maximal. 

An analysis of average results is given in table 1. 

Bright's Disease-—In Bright’s disease, the severity of the anemia 
and the degree of renal insufficiency run a parallel course. In the cases 
of acute nephritis, a distinct diminution of the hemoglobin and red cell 
figures parallels the increasing impairment of kidney function. Thus, in 
the group of patients with little if any impairment, the hemoglobin 
averages 90 per cent and the red cells 4,887,000 as contrasted with 77 
per cent and 4,606,000 for the patients with moderate impairment and 
69 per cent and 3,869,000 for those with marked to maximal impairment. 

The corresponding degrees of impaired renal function in chronic 
diffuse nephritis show similar degrees of anemia: 87 per cent hemoglobin 
with 4,759,000 red cells in the cases exhibiting little if any renal insuffi- 
ciency, 69 per cent and 4,083,000 in the group with moderate impairment 
and 54 per cent and 2,944,000 in those with marked or maximal renal 
insufficiency. 

It is significant that the renal insufficiency accompanying hyperten- 
sion (where infection plays no known part in connection with the renal 


4. Mosenthal, H. O., and Lewis, D. S.: A Comparative Study of Tests for 
Renal Function, J. A. M. A. 67:933 (Sept. 23) 1916. 
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lesion) is associated with an anemia of varying degrees which, as in 
acute and chronic nephritis, parallels the extent of impairment of kidney 
function. The average figures for the hypertensive cases are: 88 per 
cent hemoglobin with 4,848,000 red cells when little if any impairment 
was found, 81 per cent with 4,763,000 red cells in the patients with 
moderate involvement and 65 per cent with 3,775,000 red cells when the 
kidneys showed marked or maximal insufficiency. 


ANALYSIS OF AVERAGE RESULTS 


TasLe 1.—Average Hemoglobin, Red Blood Cells and Color Index in Relation 
to Diagnosis and Renal Function 


Average Data on 
—, Indi- 
Hemo- Red Blood vidual 
globin, Cells, Cases Number 
per Millions Color Given in of 
Diagnosis Cent per C.Mm. Index Table No. Cases 
Acute Nephitis: 
No or slight impairment.................. ” 4.587 0.98 2 10 
77 4.006 0.83 2 5 
Chronie Diffuse Nephritis: 
No or slight impairment.................. 87 4.759 0.92 3 71 
Marked and maximal..................-... ae 2.944 0.93 5 and 6 4 
Myocardial Insufficiency with Diffuse Nephritis: 
No or slight impairment.................. 75 4.863 0.78 3 9 
Marked and maximal.................... ; 72 4.393 0.83 5 and 6 8 
Hypertension: 
No or slight impairment............. as 4.548 0.91 7ands 36 
Marked and 3.775 0.87 10 and 11 27 
Myocardial Insufficiency with Hypertension: 
No or slight impairment.................. 77 4.881 0.80 7ands 12 
Marked 72 4.20 0.85 10 and 11 13 
Cases of Hypertension with Evidence of 
Cerebral Pathology: 
No or slight impairment.................. 91 5.179 0.89 7and8 7 
96 5.392 0.90 9 and 10 5 


The relation of kidney function to anemia is borne out by a study 
of patients in whom renal insufficiency followed polycystic degeneration 
of the kidneys, or nephrectomy. 

In one case of polycystic kidney, with moderately impaired renal 
function, the anemia was correspondingly slight, with 80 per cent hemo- 
globin and 4,256,000 red blood cells. Two cases which exhibited maximal 
renal insufficiency showed severe anemia, with hemoglobin percentages of 
44 and 55 and with erythrocyte counts of 2,728,000 and 3,900,000, 
respectively. 

The patient in case 272, with one kidney removed but with no impair- 
ment of kidney function, showed a hemoglobin of 80 per cent on one 
occasion and 90 per cent on another. On the other hand, in case 275, in 
which removal of one kidney was followed by maximal renal insufficiency, 
the anemia was marked, the hemoglobin being 45 and 56 per cent and 
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the red cells numbering 2,500,000 and 3,882,000 on two counts taken at 
an interval of some months. 

These observations confirm the general statement previously made 
that the anemia parallels the renal dysfunction no matter what the cause 
of the latter may be and varies in the clinical types of nephritis only so 

far as these diseases differ in the frequency and degree to which they 
develop renal insufficiency. This may explain the diversity of opinion 
embodied in the discussions of anemia in nephritis in texts written prior 
to the days of adequate tests for renal function. It may be supposed 
that the authors who noted little if any anemia in chronic diffuse 
nephritis were probably dealing with cases in which the patients showed 
slight or no renal insufficiency, whereas those reporting marked and 
severe anemia were presumably observing patients with marked and 
maximal impairment of function. 

Myocardial Insufficiency.—Under the heading of myocardial insuf- 
ficiency in table 1 are shown the results in cases of cardiac decompensa- 
tion occurring in patients with chronic diffuse nephritis and in cases of 
hypertension. ‘These exhibited certain characteristics which distinguish 
them from cases in which there is no decompensation. Analysis discloses 
that the hemoglobin is usually #elatively more decreased than are the 
red cells. In fact, the red cell count is but little or not at all diminished, 
even in cases with maximal renal insufficilency—a feature which is in 
striking contrast with the conditions already mentioned in uncomplicated 
nephritis. The color indexes in these cases thus tend to be lower than 
those occurring in the cases of Bright’s disease. 

The counts in the cases of myocardial insufficiency accompanying 
chronic diffuse nephritis are as follows: with no or slight impair- 
ment of renal function, the hemoglobin averaged 75 per cent and the 
red cells 4,863,000. When the function was moderately impaired, the 
average hemoglobin was 84 per cent and the red cells 4,735,000; with 
marked and maximal renal insufficiency the hemoglobin averaged 72 
per cent and the red cells 4,393,000. 

The statistics for myocardial insufficiency associated with hyper- 
tension are essentially the same as for the group just cited. In other 
words, it would appear that myocardial insufficiency, like renal insuffi- 
ciency, presents certain characteristics independent of its cause. When 
the “hypertensive myocardial insufficiency” occurred with little if any 
renal insufficiency, the average figure for the hemoglobin percentage 
was 77, and for the red cells 4,881,000; patients with accompanying 
moderate renal insufficiency have hemoglobin and red cell values of 80 
per cent and 5,044,000, respectively. At the stage of marked and 
maximal renal insufficiency, the average figure for hemoglobin is 72 
per cent and the red cells number 4,250,000. 
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As a control, eighteen cases of heart disease, with decompensation 
not associated with nephritis of any type, were studied as to renal 
function and blood count. These cases manifested the same peculiarities 
as to a relatively high number of red cells compared to the percentage 
of hemoglobin and the impairment of kidney function. Here too, the 
color index was low as compared with the cases of Bright’s disease. 

An anomalous observation presents itself in that the blood counts in 
the cases of myocardial insufficiency associated with moderate renal 
insufficiency are higher than the counts in cases associated with normal 
kidney function or slight impairment. At present, only the following 
conjectures may be put forth in attempted explanation: These were 
patients in whom heart disease of the congestive type with decompensa 
tion was noted during the course of diffuse nephritis and primary 
contraction of varying degrees of severity. It must be borne in mind, 
however, that the chronic passive congestion which these patients 
show, and which can be detected by the two hour test for renal function 
(Mosenthal *), is itself a factor in producing at least part of the renal 
insufficiency. This was borne out by the impaired renal function 
demonstrated in the “pure” cardiac cases used as controls. An increased 
congestion would logically cause more impairment of kidney function 
than the lesser degree of stasis. That the cases of congestive cardiac 
failure with maximal renal insufficiency have the lowest hemoglobin and 
red cells might be interpreted as indicating that at this stage the anemia 
consequent on the marked renal lesion plays a greater part in the 
picture. To approach the matter from another angle, it would seem 
that the congestive heart failure disguises a true anemia which would, in 
the absence of the peripheral stasis (which accounts for the high blood 
count), parallel the kidney function impairment as it does in uncompli 
cated Bright's disease. When the renal insufficiency is extreme, the 
congestion cannot affect the marked anemia to nearly so great an 
extent as it does when kidney function is moderately or slightly 
impaired, 

This is illustrated by case 286, in which there was chronic passive 
congestion, but death occurred from uremia. The blood count was 39 
per cent of hemoglobin with 2,160,000 red cells and a color index of 0.92. 
The failure of anemia to parallel the degree of renal dysfunction 


points to myocardial insufficiency as a cause of the impaired kidney 


function, the edema, the albuminuria, etc. It is precisely in the congestive 
type of myocardial insufficiency that impaired renal function is most 


5. Mosenthal, H. O.: Renal Function as Measured by the Elimination of 
Fluids, Salt and Nitrogen and the Specific Gravity of the Urine, Arch. Int. Med 
16:733 (Nov.) 1915. 
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prone to ensue, as Stewart and McIntosh ® of the Rockefeller Institute 
have shown in their recent study of kidney function in patients with 
chronic cardiac diseases. 

Hypertension—The cases of hypertension show three types of 
blood count, depending on whether impairment of renal function, myo- 
cardial insufficiency or cerebral involvement predominates. It is generally 
appreciated that the kidney, the heart and the brain are the principal, if 
not the sole important, sites for secondary involvement in essential 
hypertension (Janeway ‘). 

The bearing of the blood count in hypertension with respect to renal 
insufficiency and to myocardial insufficiency has been previously dis- 
cussed. It has been demonstrated that these conditions of functional 
impairment, secondary to a persistently elevated blood pressure, induce 
changes in the blood count identical with those resulting from renal or 
myocardial insufficiency of any origin. 

When the cases of hypertension are tabulated according to the degree 
in which they exhibit impaired renal function, a group of cases is found 
with high normal or polycythemic blood counts though some of the 
patients have moderate, and in one case, marked renal insufficiency. On 
closer study, the interesting fact is revealed that these patients have a 
common diagnosis, 1.€., some manifestations of cerebral disease, as for 
example hemiplegia and focal occlusion of cerebral blood vessels. Table 
1 gives the data with respect to such cases: with little if any renal 
insufficiency the average hemoglobin was 91 per cent and the red cells 
5,179,000; with moderate and marked impairment of kidney function a 
hemoglobin average of 96 per cent and a red cell count of 5,392,000 are 
recorded. Here, as in the cases of myocardial insufficiency, it appears 
anomalous that the higher blood count should be found in the cases 
with lower kidney function. The same principle applies, however ; since 
the polycythemia causes some renal impairment it is natural to expect 
that the more marked the polycythemia, the more damage will be done 
to the kidney. At any rate, here again, an inconsistency between the 
state of kidney function and anemia is a means whereby, in some cases, a 
clue to diagnosis is obtained pointing to an organ other than the kidney 
as the chief cause of the symptomatology. 

The importance of this relationship in estimating whether the patient 
is comatose from cerebral damage or from uremia, and its prognostic 
value in less advanced cases, is apparent. Lamson § stated that the urine 


6. Stewart, J. H., and McIntosh, J. F.: The Function of the Kidneys in 
Patients Suffering from Chronic Cardiac Disease Without Signs of Heart Failure, 
J. Clin. Investigation 6:325 (Oct. 20) 1928. 

7. Janeway, T. C.: A Clinical Study of Hypertensive Cardiovascular Dis- 
ease, Arch. Int. Med. 12:755 (Dec.) 1913. 

8. Lamson, P. D.: Polycythemia, in Nelson: Loose Leaf Medicine, New 


York, Thomas Nelson & Sons, 1920, vol. 4, p. 92. 
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in polyeythemia may contain a trace of albumin. Gaisbock and Hess 
and Eppinger, quoted by Lamson * and Piney * demonstrated that thes 
cases usually show signs of kidney disturbance, although in some this 
may be slight. Albuminuria and nephritis of slight degree are common 
The blood pressure is often raised. Gulland and Goodall '® mentioned 
the increased blood pressure in polycythemia and, like Eppinger, pointed 
out that this is apparently most marked in the cases showing no enlarge- 
ment of the spleen clinically. The urine is usually abundant and may be 
clear, but often contains albumin and casts. 

These quotations from the literature, as well as the fact that in the 
series now being reported the cases (except controls added for compar- 
tson) are chosen from a group studied for renal function because 
of some indications pointing to the kidney, show how the problem of 
differential diagnosis may arise and wherein the blood count may be of 
value. That the classification of these patients into a so-called “brain” 
group is justifiable may be gathered from the lesions diagnosed in these 
cases, as given in tables 7 to 11, and from the following citations from 
the literature. Gulland and Goodall *® stated that “These cases show 
cyanosis, thrombosis, hemorrhage or other local circulatory dis- 
orders . . . The end is usually associated with an exacerbation of 
cyanosis or a vascular brain lesion or an intercurrent affection.” Gais- 
hock, quoted by Piney,’ 
in this form of polycythemia (i. e., associated with hypertension and no 
enlargement of the spleen), while it is rare in the usual type. He 
recorded that the disease may develop in persons who had previously 


stated that apoplexy occurs with great frequency 


had an apoplectic seizure. 
This is the attitude taken by Piney,’ Eppinger and others: 


The particular form of erythremia described by Gaisbock deserves separate 
description, although many writers are not at all satisfied that it must be put in a 
special sub-group. Eppinger suggests that the so-called “poly- 
cythemia hypertonica” represents the effects of erythremia in persons with renal 
arteriosclerosis. The absence of notable splenic enlargement can scarcely be 
regarded as a definite differential feature because both Senator and Stern have 
described ordinary cases of erythremia in which splenic enlargement was found 
only at autopsy. 


In Kocher’s *? analysis of the four stages of increased intracranial 
pressure experimentally produced, cyanosis figures prominently as part 
of the picture in the second and third stages. 


9. Piney, A.: Recent Advances in Hematology, Philadelphia, P. Blakiston’s 
Son & Company, 1927, 

10. Gulland, G. L., and Goodall, A.: The Blood, New York, E. B. Treat & 
Company, 1922. 

11. Kocher’s Experiments, described in “Surgery of the Brain,” Harvey Cush- 
ing, Keen’s Surgery, Philadelphia, W. B. Saunders Company, 1919, vol. 3, p. 195 
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ANALYSIS OF INDIVIDUAL CASES 

Acute Nephritis—Twenty-five cases of acute nephritis are analyzed 
in table 2. The general rule holds true that the blood count is reduced as 
kidney damage develops. 

Certain exceptions occur which might properly have been omitted 
from the material studied, but it was felt that a more representative 
picture of all the factors influencing anemia would be obtained if no 
exclusions were made. 


TABLE 2.—Acute Nephritis * 


Blood Count 
Hemo- Red Urine 
globin, Cells, - 
Case per Mil- Color Albu- Red Blood Blood 
No. No. Cent lions Index min Cells Casts Pressure Edema Comment 
2 243 § 816 0.98 Trace 
5 0.73 be fe 30/ ++ Cyanosis 


Gross hematuria 


Taking large 
amounts water 
Respiratory infec- 
tion 


Trace 


Trace 


Convulsions; toxic 
uremia 
Trace 115 Healing stage of 
acute nephritis 
Trace +4 Catarrhal jaundice 


0.79 


pt 140/ 90 Marked hematuria 
0.75 + +--+ Few ++-4 140/ 70 + 


O.83 


165/100 


* In uncomplicated cases, the anemia parallels the extent of impairment of renal function. 
Cases 1 to 5 no impairment of renal funetion, cases 6 to 16 slight, cases 11 to 15 moderate, 
cuses 16 to 22 marked and cases 23 to 25 maximal impairment of function. 


:tfect of Hematuria: The patient in case 297 (table 2), a girl, aged 
14, showed a hemoglobin of 50 per cent and a red cell count of 
2,850,000, although the renal function was normal. Marked macro- 
scopic hematuria was manifest. This had no effect on the kidney func- 
tion as tests showed, and must be given the same significance as 
hemorrhage from any source as a cause of the anemia. A review of the 
other cases in this table, as well as in tables 3 to 6 and 7 to 11, reveals 
the fact that the microscopic hematurias bear no constant relationship to 
the anemia. Although, for obvious reasons, the repeated losses of blood 
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} 6 27 & 4.768 0.9 +4 ++ = 110/ 64 + 
7 56 660 «3.772 0.80 0 160/100 
| 
8 61 % 5972 Occ 148/ 90 
9 8 47365 0.9 0 125/ 95 
j 10 +++ : 150/100 0 
11 97 4.882 1.01 0 4 120/ 90 
12 Sl 72 4.832 0.75 b+ 220/120 
13 6o 4.520 0.77 Ove 165/ 8&0 
15 70 4.040 O87 115/ 75 + 
16 7o 8.880 0.9? 
17 17 100) 4.686 1.08 
| 18 49 13 
19 52 & 2048 O85 + + 170/ 9 
| 20 53 70) 4.12) 0.85 165/110 + 4+ 
‘ 2 59 78 4.572 0.86 ++ + t 120/ 78 0 
| 24 50) 64.352 
| 
| 
\ 
| 
| 
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may be a factor, equally severe grades of anemia occur in the cases that 
show no hematuria. 

Effect of Etiologic Factor: Another disturbing element is that anemia 
in acute nephritis may be caused by the disease of which the nephritis is 
a result, for example, scarlet fever, streptococcus infection or malignant 
endocarditis. This factor must be carefully ruled out in interpreting the 
relation of anemia and kidney function; on the other hand, the presence 
of a moderate or marked anemia, though renal function is normal, might 
well serve to call attention to the existence of accompanying disease. 

Effect of Complications: With respect to complications, the same 
point may be made. Thus, the patient in case 56 (table 2) showed a 
marked anemia (hemoglobin 66 per cent, red cells 3,772,000) although 
the kidney function was only slightly impaired. This is explained by 
the fact that the patient, a woman, aged 28, had an accompanying 
respiratory infection. In cases of this kind the physical signs 
and the presence of a leukocytosis may give clues as to the true nature 
of the anemia. 

Chronic Diffuse Nephritis—The data for 111 patients with chronic 
diffuse nephritis are presented in tables 3, 4, 5 and 6. 

In each group a number of cases occurred in which there were signs 
of cardiac insufficiency. These are indicated in each of the tables with 
a brief description of the condition. 

When congestion does not mask the anemia, it will be noted that the 
blood count parallels the degree of impairment of renal function. Most 
of the hemoglobin values range from 80 to 90 per cent with red cells 
from 4,250,000 to 5,500,000 when there was little or no impairment ot 
kidney function (table 3), whereas the range was from 60 to 70 per 
cent with many red cell counts of approximately 3,500,000 when mod- 
erate renal insufficiency was present (table 4). When marked and 
maximal renal insufficiency supervened (tables 5 and 6), figures of 
50 per cent, 40 per cent and 35 per cent for the hemoglobin are met 
with frequently and in fact dominate the picture. Accompanying these 
hemoglobin values are red cell figures which show counts of 3,000,000 
and 2,500,000. 

Some of the exceptions to the general trend illustrate interesting 
points which must be ruled out before interpreting anemia in terms of 
renal function in chronic diffuse nephritis. 

Case 123 (table 3) is that of a woman, aged 38, in whom anemia 
was noted during the course of pregnancy. The red cells were much 
more reduced than was the hemoglobin, the color index was 1.11, and the 
question may be raised as to whether this was properly a case of chronic 
diffuse nephritis. The kidney function was normal. The anemia may 
represent the pernicious type of blood dyscrasia accompanying pregnancy 
and in no wise a subject for comparison with any renal disease. 
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Case 6 (table 3) is one of nephrosis in a man, aged 20, who had 
recently been markedly edematous, though with the elimination of edema 
the renal function, at the time that the blood count was taken, was only 
slightly involved. It is reasonable to suppose that the hemoglobin of 
65 per cent and the red cell count of 3,650,000 were the reflection of the 
more serious impairment of kidney function recently present. Adams 


Taste 3.—Chronic Diffuse Nephritis. (No or Slight Impairment of 
Renal Function) * 


Blood Count 
Hemo- Red Urine 
Case per Mil- Color Albu- Red Blood Blood 
No. Cent lions Index min Cells Casts Pressure Edema Comment 


0.88 Oce. 33/ 0 Albuminuria 4 yrs. 

0.72 0 

0.9% ++4+4 0 + 

0.89 Few 55/115 Slight oliguria 

0 is Syphils; malaria 

1.11 ++4+4 Considerable edema 
and effusion 

0.75 + and0 30/ Polycythemia 

0.94 ++++ ne 

0.98 Trace 

1.02 Trace “ 20/ 75 Epilepsy 

++ 240/162 ws Slight nocturnal 
polyuria 

1.11 Trace aa Pregnancy; anemia 

0.9 +++4+4+ ee 

+ i/ 72 Pyelitis 

0.9 +4 ) /136 os Albuminuria for 10 
years 

0.93 - 

0.90 + 140/100 Edema recently 


0.74 Trace “ 180/ 95 i Heart enlarged to 
right and left 

0.909 ++4+4++ Pleural effusion 

0.74 Lote : 30/125 Enlarged heart 

0.73 +44 210/115 : Oliguria; pleural 
effusion 

0.79 ++4+ 180/110 Dilated aorta 

0.72 ++++4 Many 159/ 98 Cardiac decompen- 
sation 

0.99 174/ 98 Pleural effusion 

0.67 +4+++ 0 + 183,112 - Heart enlarged to 
right 


* Corresponding to the good kidney function, the blood counts are essentially normal. 
Items 22 to 30, inclusive, presented congestive myocardial failure. 

and Brown ** showed that the anemia is apt to persist, at least for a time, 
when renal function improves after marked impairment. 

Cases 262, 33 and 40 (table 4) are grouped under the head of 
chronic diffuse nephritis with moderate impairment of kidney function. 
It is noteworthy that in each of these cases the red cells were unduly 
increased as compared to the hemoglobin, and, correspondingly, each of 


12. Adams, S. F., and Brown, G. E.: The Blood in Cases of Hypertension, 
\nn, Clin. Med. 4:463 (Dec.) 1925. 


i 
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| 
| 
i 
No. 
| 1 233 © 5.408 
2 23 82 4.000 
| 3 4 80 5.560 
t 5 86 4.502 
5 7 % 5.344 
6 19 9 4.136 
{ 7 21 98 4.832 
{ 8 22 84 5.082 
9 35 4.240 
4 10 63 108 7.240 
11 42 100 5.334 
j 12 179 8 4.330 
13 70 90 4.424 
} 14 78 9 5.600 
15 123 80 3.644 
16 282 80 4.480 
17 22 8 4.800 
18 237 85 4.288 
‘ 19 260 83 4.606 
20 287 SO 4.326 
| 71 6 6 3.650 
4 
| 2 10 5.488 
3 34 78 4.320 
24 3 8 5.412 
25 291 86 5.240 
26 «382 62 «(4.216 
7 255 44 
: 2 U5 80 5.586 
2 34 78 4.320 
| 
1 — 
| 
| | 
| 
; 
| 
| 
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Taste 4.—Chronic Diffuse Nephritis (Moderate Impairment of 


Blood Count 


Hemo- Red 


globin, Cells, 


Mil- 
lions 


Case per 
No. Cent 


myocardial failure. 


Taste 5.—Chronic Diffuse Nephritis (Marked 


Hemo- Red 


globin, Cells, 


Mil- 
lions 
4.288 
3.920 
3.008 
2.440 


Case per 
No. Cent 


8.088 
5.272 


* Cases 29 


y function. 


Color 
Index 


Blood Count 


Urine 
Albu- Red Blood 
Cells 
0 


v. 


Trace 


Trace 


Trace 0 


Urine 
Color Albu- Red Blood 
Index min Cells 
0.89 of 
0.2 
1.2 
0.72 Trace 


Casts 


0.83 
Trace 


0.87 


Trace 


Blood 
Pressure 
157/105 
158/ 
162/116 
142/ 
140/100 
200/110 
140/ 
77 


2) 140 
144/ 94 


210/150 
165/105 


155/107 


166/105 


98/ 66 


Edema 


Renal Function) * 


Comment 


Slight eyanosis 


Tuberculous ostec- 
myelitis 

Slight cyanosis 
Bichloride poisoning 
Passive congestion 


ulcer 
prostatitis 
edema 


Duodenal 
Oystitis; 
liminating 


Wassermann 
recent edema 


Left hemiplegia 


Recent edema; 
fibrillation 
Dyspnea; cyanosis; 
enlarged heart 
Pleural effusion 
Myocardial! insuffi 
ciency; enlarged 
liver 
Ascites: 
Dilated 
Recent 
fever 
Slight myocardial 
insufficiency 
Emphysema; 
chiectasis 
Emphysema 


fibrillation 
aorta 
rheumatic 


bron 


Impairment of Renal Function) * 


Blood 
Pressure 


o2, 271 and 74 showed congestive myoveardial failure. 
ng table, increasingly severe anemia occurs with the marked and maximal! 


Edema 


Comment 


Recently edematous 


Pulmonary tuber- 
eulosis 

Enlarged heart 
Doubtful if 
phritis 
Sepsis; 


ne- 
pvyelitis 
pyuria 


Heart and 
enlarged 
“Poor 
dium’”’; liver 
enlarged 
Hydrothorax: myo 
eardial insufficiency 
In this 2 
mpairment of 


= | 
 _ nm Casts — — 
1 22 5.181 06.78 + + 
> 234 T3 392 0.93 
3 D5 70 4984 0.7 ++++ ++ + 
4 Dl 62 3.600 0.86 “ert 
5 1 7% 8.776 1.02 Trace 0 ao ‘ 
6 12 7 83364 O98 Trace 
7 30 55 3.060) 0.91 +i ++4 Oliguria 
8 31 6& 4832 0.67 ++ 0 + 
9 33 68 4.384 0.73 ++ Few 9&8 4+ 
1 38 & 3.82 0.8 0 0 0 130/ 80 7“ 
1 40) + 0 170) 130 
12 43 76 4460 0.86 + 0 0 188/125 + 
13 6 7 4230 O89 mf.t. 0 115) 
14 70 4.840 0.72 he 115/ % 
15 76 78 4.040 0.97 +++ 0 . 175/115 
16 71 @ 3.232 0.96 ; 0 4 105/ 70 0 
17 77 3.824 0.88 0 150/ 85 
2 73 S892 098 +4+4++ 120/ = 
19 211 3.208 1.01 185/110 + 
20 #131 72 3.792 «40.9 Few : +; 
1 66 3.695 ++++ ++ ++ 
8 9% 4480 1.01 ++ 0 os 
25 9 78 3.952 1.00 0 + 145/ 8&5 
* 36 Sl 3.04 108 ++++ + 180/118 
27 2 9 5.264 0.88 ++ 0 148/12) “ 
2067 80 4472 0.9 135 - « 
9 98 5.728 08 +4+++4+ + 258/138 
30 256 «76 «5.224 60.73 ++ 0 Oce. 152/ 94 0 
32 259 78 5.08 0.78 0 0 
33 7 90 4464 1.02 126) we 
* Moderate degree of anemia. Items 24 to 33, inclusive, presented evidence of congestive 
1 26 7% 152/ 38 
2 7 + 185/125 . 
3 T + 132/ 84 
4 41 35 + 175/100 
6 7 160/110 
7 + 115/ % 
8 28 78 5.73 0.63 0 ) 186 124 
> 70 4.288 0.83 ++44+ Ovce. 268/138 + 
10 7i 4.081 1.1 + 0 0 1s) 12) 
ceed) 
kidne 
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these cases showed some cyanosis or congestion. This factor was 
discussed under myocardial insufficiency. 

With respect to case 71 (table 4), a complicating factor was a 
duodenal ulcer which may have had some influence in producing the 
anemia. 


Tasie 6.—Chronic Diffuse Nephritis (Maximal Impairment of Renal Function) 


Blood Count 
A... 


Hemo- Red Urine 
Case per Mil- Color Albu- Red Blood Blood 
No. Cent lions Index min Cells Casts Pressure Edema Comment 
231 #55 0.98 ++ 198/128 0 
1.260 60.84 0 224/140 0 Uremia 
3.008 1.01 - 0 Few =. 208/126 Heart and liver 
enlarged 
2.488 § +++ Ove. + 178/110 
4.160 bt + Few 206/122 
2.512 0 178/118 
3.290 140/108 Uremia 
222/126 Uremie signs 
0 130/ 90 iy: Uremie signs 
+and0 115/ 80 Oliguria; uremia 
4 192/118 Uremia 
0 185 125 Uremia 
0 160/ 9 Wassermann 
0.81 $++4 0 235/135 i Toxie uremia; later 
retention uremia 
0.83 4 + 220/150 
0.58 ++ + 160/100 
1.41 4.4 + 210/110 
232/164 
0.96 + 260/160 
09 +444 240/156 
0.92 202/15) 


0.77 Trace 210/128 


0.79 215/148 

1.09 ++-+- + + 153/100 + - Some cyanosis 

134 +++4++ 

085 +4++4 

0.83 + and0 - 

0.8 0 + Slight passive con- 
gestion 

0.93 +4 0 5/11: Secondary anemia: 
destruction of red 
blood cells 

Peritonitis 

0.83 194/118 Uremia 

0.9 146/ 8&8 


Aortic insufficiency 


0.88 205 155 Mitral insufficiency 

1.02 250/170 Liver at umbilicus 

0.61 Trace 206/148 Lat Myocardial] insuffi- 

ciency 

0.92 +++ 186/120 Retention uremia; 
chronic passive 
eongestion 

Many 194/114 Mitral insufficiency 


Case 73 (table 5) exhibited a hemoglobin of 91 per cent with a 
red cell count of 5,272,000, though the kidney function was 
impaired. This was a case of pyelitis bearing a notation “doubtful if 
nephritis,” and the functional involvement of the kidney may have been 
too recent or too temporary to influence the blood count. 


“severely” 


In table 6, the one noteworthy exception to the severe anemia which 
most of these cases with maximal renal insufficiency show is case 82, in 
which the patient was a man aged 51, who died of peritonitis. The 
hemoglobin reading was 87 per cent. The kidneys showed cloudy 


| 
| 
| 
| 
| 
| 
| 
| 
| 
No. 
| 1 
| 3 
{ 4 
5 
{ 6 
| 7 
| 
10 
11 
i 12 
i 13 
| 14 
| 
15 
4 6 
j 17 
18 
19 
bal) 
21 
i 278 #51 3.232 
| % #60 3.160 
| 2 14 70 3.200 
‘ 26 % 67 2.568 
28 67 55 3.304 
29 St 45 2.704 
30 8 3.290 
31 
32 #107 3.000 
33 281 «439 
34 7S 4.480 
35 15 80 3.936 
36 6 4.980 
| 
| 
88 984 68 4.880 
~ 
| 
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swelling at autopsy. There were cerebral arteriosclerosis, hemiplegia and 
“a combination form of nephritis.” The kidney function had shown 
maximal impairment, vet the patient had apparently not died of renal 
insufficiency but of peritonitis. It was difficult to judge the duration 
of the kidney insufficiency. Presumably, if the condition of the kidney 
had been allowed to progress to contraction (rather than cloudy swell- 
ing), the anemia would have become manifest. Again, the cerebral 
arteriosclerosis and the hemiplegia indicate the possibility of the cerebral 
lesion having affected the blood count to induce a relatively high 
hemoglobin. 

Effect of Infections (Granuloma).—Transfusion, a prolonged low 
protein diet or other forms of therapy may temporarily obscure the rela- 
tionship between anemia and kidney function. The role of infection in 
accounting for part or all of the anemia must be ruled out in these cases 
ot chronic diffuse nephritis as elsewhere. Here, however, the type of 
infection is apt to be different from that seen in the acute form of 
nephritis, being more obscure and more chronic. For example, in the 
nephrotic stages included in this group, tuberculosis, syphilis, pneumo- 
coccus peritonitis and other conditions must be reckoned with. The 
following instances may be cited from the cases tabulated under chronic 
diffuse nephritis: cases 131, 19, 20, syphilis; case 31, tuberculous osteo- 
myelitis and case 41, pulmonary tuberculosis; case 5, nephrosis and 
healed pulmonary tuberculosis. 

Myxedema, with its anemia and edema, must be distinguished from 
chronic nephritis or nephrosis before any comparisons are attempted 
between the blood count and the kidney function. 

The practice of subjecting many nephritic and hypertensive patients 
to prolonged periods of curtailment of protein intake introduces an 
additional etiologic factor for the anemia that must be excluded in 
some cases. 

Effect of Albuminuria and Edema: The effect of albuminuria and 
of edema is of great importance in all cases of renal insufficiency and 


anemia. While albuminuria may, over a long period of time, be a factor 


in inducing anemia in some cases, in others, with no albuminuria or 


edema, there is equally severe anemia. In the hypertensive group with 
primary contracted kidney, although albuminuria and edema are absent 
or only slightly in evidence as compared to the group of cases of chront 
diffuse nephritis, the anemia is as severe in the former as in the latter 
when renal insufficiency exists. 

Ewing,* in describing chronic exudative (parenchymatous) 
nephritis, stated that the cases with albuminuria and edema show a 


marked anemia, but that this is subject to great variation 


13. Ewing, J.: Clinical Pathology of the Blood, Philadelphia and 


Lea Bros. & Company, 1903 
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Hypertension with Varying Degrees of Renal Insufficiency —One 

hundred and thirty-two cases of hypertension are reviewed in tables 

7 to 11 inclusive and are arranged in the order of the severity of the 
| kidney damage. As was stated in the analysis of average results, a 
| number of patients were found in whom congestive myocardial failure 
| or cerebral lesions dominated the kidney symptoms. These are included 
in each table and classified according to the degree of renal insufficiency. 


TasLe 7.—Hypertension (No Impairment of Renal Function) * 


Blood Count 


Hemo- Red 


Urine 
Case per Mil- Color Albu- Red Blood Blood 
| No. No. Cent lions Index min Cells Casts Pressure Edema Comment 
| 1 23 9 5928 08 tet te 0 0 164/120 0 
2 102 9 4.824 0.93 Trace Few Oce. 180/135 is Irregular fluid out- 
yut 
Trace 0 + 200/125 0 
j 4 114 # 4912 09 Sl. tr. 0 0 165/ 95 0 Normal] except poly- 
uria 
; 5 121 100 5.220 0.96 Trace 0 Oce. 240/120 ‘6 
6 155 100 bent? ‘aaee Trace 0 Oce. 220/115 0 Polyuria, otherwise 
| normal 
| 7 #157 75 4.728 0.79 core 0 Oce. 250/162 0 Syphilis 
‘ 8 162 91 4.664 0.98 + 0 + 210/140 
| 9 163 S&S 4.980 0.89 Trace 0 Oce. 210/150 
10 171 100 5.072 1.0 0 0 230/135 
| ‘ 11 173 87 4.408 0.98 Trace Few 0 200/110 aS Slight passive con- 
gestion 
{ 12 18 9 4.768 0.95 a 0 Oce 145/100 
13 192 8 4608 0.9 + 9 Oce. 260/160 és 
++ 0 Oee. 210/120 Recent Normal except iow 
4 night specific grav. 
: 1 218 90 4516 1.0 ott 0 130/ 75 ++ Normal except slight 
nocturnal polyuria 
16 216 9% 4.416 1.07 Trace 0 Oce. 220/140 =a Slight nocturnal 
j polyuria 
17 208 98 5.040 098 Ft. tr. 0 Oce. 200/130 Oliguria; otherwise 
normal 
18 288 S84 5.024 0.84 0 0 0 238/121 ne Enlarged heart; 
preponderance |. v. 
19 174 S& 6.672 0.63 Trace 0 Oece. 260/150 Congestion; en- 
| larged liver 
#198 70 4.160 0.85 Trace 0 Rare 170/110 Passive congestion; 
| myocardial insufli- 
| ciency 
| 21 #197 GO 5.000 0.60 4 Few = 195/ 70 Heart to axillary 
4 line; enlarged liver 
| 2 #130 #78 5.624 0.69 + 0 0 180/120 as Myocardial insuffi- 
ciency 
; 23 160 90 5.644 08 0 0 0 224/155 0 Microcephalus 
24 168 91 6.006 0.75 0 Oce. 220/135 Cerebral arterio- 


sclerosis; cyanosis; 
slurs words 


* The uncomplicated eases show essentially normal blood counts. Items 18 to 2 are 
“cardiac” and items 23 and 2¢ are “brain” cases. 


In the hypertensive group as elsewhere, the anemia parallels the 
extent of involvement of kidney function in the vast majority of cases. 
Among the seventeen cases with no impairment (table 7), the hemoglobin 
was 90 per cent or over and the red cells 4,400,000 and more in thirteen 
| cases. When the cases with slight renal insufficiency are examined 


(table 8), the hemoglobin and red cells are also found to be high in the 


majority. An increasingly larger number of cases with hemoglobin of 


| 
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70 plus per cent begin to appear when moderate renal insufficiency has 
ensued (table 9), and in the cases with marked and maximal insufficiency 
(tables 10 and 11) hemoglobin values of 65 per cent, 55 per cent and 
45 per cent, with red cell counts of from 2,500,000 to 3,250,000 dominate 
the picture. 


* 


TABLE 8.—Hypertension (Slight Impairment of Renal Function) 


Blood Count 
Hemo- Red Urine 
globin, Cells, —- 
Case per Mil- Color Albu- Red Blood Blood 
No. Cent lions Index min Casts Pressure Edema Comment 


139 5.752 08 0 Rare 5 2 0 
101 448 Trace Oce. 2 75 Pleural effusion 
115 4.984 0.86 Rare 75 Slight hyposthenuria 
12 8 4.800 0.588 : Catheter Rare 
124 4.520 1.01 0 Rare 50 Syphilis: aortic 
insufficiency 
5.260 0.78 ++ - Few 4 5/158 Syphilis 
5.26 0.88 - 0 - 258 1: - Enlarged liver; myo 
cardial insufficiency 
4.640 0.86 0 0 
4.688 0.76 0 168/105 = Amyotrophic lat- 
eral sclerosis 
5.164 0.91 + 220/175 + Nonprotein nitro 
gen 28 
+ 192/124 
0.85 144/ 92 
0.70 250, 160 Cardiac hyper 
trophy 
0.99 Ft. tr. 180/110 Oliguria 
102 + 210/160 Oliguria 
0.85 Trace + 240/160 
0.87 Ft. tr. + 190/140 Kidney fatigue; non 
protein nitrogen 2> 
0.98 rt. tr. + 20 /120 
0.97 200/140 
0.81 255 / 160 Heart 4 17 em., 
6th interspace 
1.08 180/ 10% + Myocarditis; 
oliguria 
0.83 Heart enlarged to 
right and left 
0.98 / Dilated aorta 
1.01 + and 0 Myocardial insuffi 
ciency 
0.91 Trace 70/1 Enlarged heart; 
oliguria 
Heart 17 em. to left, 


6th interspace 


210/110 Pseudobulbar palsy 
185/125 Explosive headaches 
220) 150 Cerebral arterio- 
sclerosi 
Trace 290/145 Genera] arterio 


197/130 


» uncomplicated cases show no or slight anemia. Items 
Items 27 to 31 showed “cerebral” symptoms 


From a study of seventy-six patients with hypertension and arterio- 
sclerosis, Adams and Brown concluded that anemia was related to 
the renal insufficiency. Among the seventy-nine cases itemized in tables 
7 to 11 inclusive, some do not show the close parallel between renal 
function and anemia which obtains for most cases, even when not com- 
plicated by myocardial insufficiency or cerebral insult. These do not 


1 
2 
4 
5 
6 
‘ 
9 
10 é 
11 
12 
13 
15 
16 
17 
18 
20 
21 
22 
23 
26 
27 132 9% 4.584 1.06 
2 159 1038) «4.920 1.06 
29 167 93 4.762 0.98 
30 175 S82 4.060 1.02 
extrasystole 
failure. 
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necessarily disprove the general rule; in fact, they confirm the views 
with regard to the effect of myocardial changes, infection, etc., which 
have been presented previously. Brief additional data are here submitted 
which may aid in the interpretation of these cases. 


Taste 9.—Hypertension (Moderate Impairment of Renal Function) * 


i Blood Count 


Hemo- Red Urine 
Case per Mil- Color Albu- Red Blood Blood 
No. Cent lions Index min Cells Casts Pressure Edema Comment 


1 M 0.81 Trace 0 180/105 
2 10 &§ 4.200 0.9% Ft. tr. 0 0 195/115 + Cardiae edema ? 
4 #152 64 Ft. ando 0 Oce. 250/140 
: 5 140 &O 0.80 Ft. tr. 0 + 205/140 0 
6 89 1.03 Tr. to 0 + + 160/120 Myocardial] degener- 
ation; oliguria 
0 0 0 185/105 0 
133 68 4.304 + ando 0 220/145 
| 9 134 100 4.960 1.02 ts 0 124/ & + Transient hyper- 
tension 
| 11 172 87 4464 0.98 v.f.t 6 Rare 240/120 a Cardiae edema 
1 12 201 75 5.000) 0.75 Trace ( Ove 170/ 90 + Incipient contracted 
kidney 
13 204 70 5.512 0.68 0 0 230/168 Nonprotein nitro- 
gen 33 
14 227 86 4.904 0.87 0 0 240/135 + Right heart 
slightly enlarged 
15 13 74 4.300 0.9 + Menses “60 Peritonitis; hemor- 
rhage 
16 200 79 4.530 0.87 Trace 0 0 218/148 0 Headache; blurred 
vision 
| 2 Trace 0 170,100 0 Slight cyanosis 


gen 29 


i 19 M8 96 5.520 O87 Trace 0 } 75/100 “i 
: 2 147 100 5.936 0.84 Trace 0 . 240155 Cardiac Pontile hemorrhage; 
4 decompensation 
i 21 M3 72 5.920 0.61 Trace 0 Rare = 155/100 ++ General edema; 
chronie passive 
} congestion 
| 22 133 &3 4.720 0.88 + Few 215/115 0 Aortic insufficiency 
; 3 1387 6 4.300 0.75 = 0 0 170/ 90 0 Recent myocardial 
‘ insufficiency 
#138 St 5.064 0 170/120 0 Myocardial insuffi- 
cieney; enlarged 
liver 
1385 108 6.304 0.81 Rare 180/105 Syphilis; pleural 
effusion 
170 90 4.576 1.0 0 Ove. 212/135 Mitral endocarditis 
7 DO 1600 0.91 0 165 110 Congestion 
23 212 74 4856 0.77 0 300/175 Passive congestion 
118 67 4.920 60.68 0 190 115 Polyuria; compen 
sating myocardial 
insufticiency 
| I8l 68 3.834 0.89 0 220/135 Pleural effusion; 
| enlarged liver 
1 149 S$ 5.184 0 0 “Normal” Emphysema 
2 24 5.152 0.86 + 0 0 240/140 Frythremia: mitral 


insufficiency 


245 140 


Polyeythemia; 
marked headache 


34.6169 «100 «4.128 12 0 0 0 240/160 Right hemiplegia 

35 217 5.376 0.89 Trace 0 0 230 125 Polyeythemia; con- 
vulsions 

6 23 99 5.400 0.90 Trace 0 b 20/135 0 Convulsions; 


uremia 
* Moderate anemia in many cases. Items 17 to 82 presented congestive myocardial failure 
and items 33 to 36 manifestations of “brain” disease. 
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The patient in case 157 (table 7), a woman, aged 34, showed a hemo- 
globin of 75 per cent though the kidney function was normal. This 
patient was syphilitic, with evidence of an enlarged heart, and the whole 
blood count with its “anemia of haemoglobin only,” gave indication of 
a cardiac picture. This case was not classified with the cardiac cases 
because no notes were available as to whether or not there was insuffi- 
ciency. Here too, the anemia may have been a result of a recent 
exaggerated stage of chronic diffuse nephritis, of which she gave a 
history. 


Tarte 10.—Hypertenston (Marked Impairment of Renal 


Blood Count 


Hemo- Red Urine 
globin, Cells, - 

Case per Mil- Color Albu- Red Blood Blood 

No. Cent lions Index min Ceils Casts 

239 3.190 0.83 


“4 


nent 
Macrocytes 
283 «6 2.608 0.9 
8 3.984 0.83 
188 , $60 0.78 
200 4.496 0.96 
215 3.408 1.02 Tuberculosis of 


279 3. 0.70 


75 0.81 and 


10 Trace 


, 6th space: 
mitral insufficiency 
Heart, 6th space 
W assermann 
pleural effusion 
Left hydrothorax; 


2nd the succeeding table, the 
cases are indicated. 


In case 129 (table 8), that of a man, aged 59, the anemia is out of 


proportion to the slight degree of kidney dysfunction. This patient 
suffered from amyotrophic lateral sclerosis. 


In case 94 (table 9), the patient, a man, aged 47, exhibited no anemia 
with moderate impairment of renal function. No significant data other 
than those given in the table are available. One may speculate as to 
whether or not the duration of the moderate insufficiency, at the time 
of the blood count recorded, was too short to produce an anemia. Refer- 
ence may be made to the note regarding case 134. 


523 
No 
8 
rignt pex 
0 235, 140 Pleural and perito 
neal effusion: syph- 
ilitie aortic sclerosis 
0 245/165 Uremia 
16 43680 0 195 105 
12 266 SO 5.288 0.76 ++ Oce. 915 120 Myoeardia!l insuffi 
ciency; enlarged 
liver 
13 91 3.912 0 40 140 oe 
14 109 72 4.064 09 240) 140 
202 6) 2.876 1.07 ( Few 0 175 
16 74 9 4.081 1.1 0 180/12) 
myoca tis 
insufficiency 
17 183 st) 6.058 0.6 - ( Aneurysm, thoracic 
aorta 
18 184 92 7.332 0.6 0 0 220, 140 Polycythemia: 
cerebral arterio 
sclerosis 
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In case 141 (table 9), the relatively higher hemoglobin and red cell 
count than might be expected with moderate renal insufficiency may be 
related to the myocardial degeneration and oliguria. 

In case 134 (table 9), the patient, a man, aged 23, was the subject 
of moderately impaired renal function, yet his hemoglobin and red cells 
were 100 per cent and 4,960,000, respectively. This patient’s record 
bears a comment which serves to explain the discrepancy not only in 
his case but possibly in that in case 94 (table 9). The note is made that 
the “elevated blood pressure was transient.” Presumably, it was not of 
sufficient duration to affect the blood count. In fact, the blood pressure 
recorded in conjunction with the blood count was normal, 124 systolic 
and 85 diastolic, though it had previously been elevated. 

Cases 172 and 227 in table 9 showed clinical signs which might put 
them on the borderline with regard to their classification as cardiac 
cases; in these, congestion, which they exhibited, may account for a 
somewhat higher blood count than the degree of kidney insufficiency 
warrants. In addition, it must be pointed out that case 227, while 
classified under moderately impaired function, bears the comment that 
the renal function varied from normal to moderately impaired, so that 
a hemoglobin content of 86 per cent and 4,904,000 red cells are 
consistent, 

Lest undue discussion of these few exceptions detract attention from 
the main tendency, the conclusion is again stated that in nearly all of 
the uncomplicated cases of hypertension, as in acute or chronic diffuse 
nephritis, the renal insufficiency is matched by an anemia which closely 
reflects the degree of involvement of kidney function. 

Myocardial Insufficiency—In the tables citing the cases of diffuse 
nephritis and of hypertension are found data for patients in whom the 
hemoglobin percentage and more particularly the red blood cell counts 


are higher than are the corresponding figures in the same stage of renal 


dysfunction for the majority of the patients. In most of these cases, the 
hemoglobin more nearly parallels the kidney function, whereas the red 
cells are normal or relatively high. These are instances of myocardial 
insufficiency. 

The disparity between hemoglobin and red cells enables one to 
describe these cases as having an “anemia of haemoglobin only” and 
characterizes them by a low color index. So far as these facts apply 
to cardiac disease, they are well known. The present study, by including 
kidney function, presents the older knowledge in such a light as to permit 
its use in differential diagnosis and in the recognition of a myocardial 
complication during the course of nephritis or hypertension. 
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It is an interesting, although in a measure disturbing, commentary 
that references to the blood count in nephritis and in myocardial decom- 
pensation are to be found in works on hematology and are extremely 
meager or entirely lacking in the works on nephritis or on heart disease. 
Writing on the subject of acquired heart disease, Gulland and Goodall *° 
have said, “Some high red counts have been recorded. The number 
of red corpuscles is not usually raised in fully compensated valvular 


Tape 11.—Hypertension (Maximal Impairment of Renal Function) 


Blood Count 
Hemo- Red Urine 
Case per Mil- Color Albu- Red Blood Blood 
No. Cent lions Index min Cells Casts Pressure 
69 55 3.160 0.88 0 PAT/IS5 
75 Menses 260/154 
1M 8&6 23 223/150 
1s 65 3. 200/105 
15 76 210/145 
187 3 ‘ 220/135 
19%) 


++i + 
Trace 


Sema; cyano 
ett - 280/15 + Hypertrophie ar 
tec 


Neural effusi n; 
myocardial] insuffi 


angina 


s; pleural 


lisease . . . . but it is usually above the normal in mitral disease 
when compensation has failed, and in many conditions of dilatation and 
chronic strain (emphysema, chronic bronchitis) without valvular disease, 
in which the compensation is inadequate.” 

It is worthy of comment that the authors refer to “high red counts” 
and to “the number of red corpuscles” rather than to the hemoglobin, 
which is precisely the picture that the tables show. Instances of the 
“chronic strain without valvular disease in which compensation is inad- 
equate” are cases 259 (table 4) with emphysema and bronchiectasis and 


149 (table 9), with emphysema. 


No Edema Comment 
1 + 
> 
6 
8 
+ Pleural effusion: 
recent myocardial 
insufficiency 
10 191 45 2528 090 +444 0 ++ 240/150 
11 19 45 3.068 0.75 0 0 230/157 
12 26 46 2.824 0.82 | 0 ++ 140 Uremia 
13 25 72 3368 1.09 0 0 182/100 Uremia: emphy- 
15 19 78 3.808 1.02 0 - 110/ &§ es Heart dilated to 
right 
ciency 
17 112 108 5.512 0.9 0 - 255/185 0 Enlarged heart 
5 113 72 5.400 0.66 oe 0 ++ 205 140 Recent Recent pleural 
to + effusion 
19 144 78 5.112 0.76 oa 0 4 140/110 Recent 
lot 4.440 0.73 0 ++ 20 130 Slight myocardial 
insufficiency 
21 145 %TO 5.088 0.7 + + 0 +p 205/105 Slight Recovering from 
myocaruiai in 
sufficiency 
22 268 47 2.670 09 ++++ + 210/130 Enlarged heart 
23 WT 10 0 230/110 ++4 Myoeardial insuffi 
Cel 
pect ori 
effusion 
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Ikwing '* reported with reference to the blood count in chronic 
endocarditis “When chronic venous stasis is established and dyspnea, 
cyanosis and edema exist, the changes are more complicated. Under 
these circumstances the blood loses water, becomes richer in red cells, 
and more so in the capillaries than in the veins. . . . The constant 
tendency toward anemia is usually masked by the peculiar condition of 
the circulation.” 

Cerebral Lesions.—In any study of hypertensive patients a certain 
proportion will be found in whom the blood vessels of the brain have 
borne the brunt of the increased blood pressure. Twelve such cases are 
among the 132 now reported. When the characteristic high normal or 
polycythemic blood counts of most of these cases were noted, five patients 
with known polycythemia were examined as controls in order to see 
whether these too showed evidence of cerebral lesions. This positive 
relationship has been discussed in the earlier part of this paper. 

Cerebral arteriosclerosis, headache, slurring speech, pseudobulbar 
palsy, hemiplegia, convulsions, parkinsonian tremor and focal occlusion 
of blood vessels are among the clinical and postmortem diagnoses in this 
group. Ten of the twelve original patients had hemoglobin readings of 
90 per cent or over, in contrast to the low hemoglobin of myocardial 
insufficiency. In six cases the red cells were 5,000,000 or over, whether 
the renal function was normal or impaired. Case 168 (table 7) may be 
cited as an example. The patient, a man, aged 56, gave evidence of 
cerebral arteriosclerosis ; his speech was slurred; he was cyanotic. His 
blood count showed 91 per cent hemoglobin and 6,006,000 red blood 
cells. 

The preponderance of symptoms and signs referable to the nervous 
system must not cause one to lose sight of the kidney and cardiac changes 
which a small proportion of these cases show. Thus in case 183 (table 
10) vascular nephritis with marked degree of impairment of function, 
and thoracic aneurysm seemed, at least at the time the blood counts were 
made, to be the chief lesions. In a control case (248) with 110 hemo- 
globin and 8,152,000 red cells the patient was troubled with angina 
pectoris, Lamson * described the polycythemia which may occur in 
cases of chronic cardiac disease with interference of the pulmonary 
circulation. Here the blood count represents an effect which is, in a 
sense, an exaggeration of the high red counts described under myocardial 
insufficiency. Whether or not these patients subsequently suffered a 
cerebral insult or were carried off by a cardiac or kidney disease or by 
an “intercurrent” pathologic condition before such an event, 1s of course 
problematic. The burden of evidence from the literature and from the 


pathologic changes cited in the cases included in the present study 


predicts cerebral damage for most of these patients. 
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While most of these patients present an “apoplectic” appearance with 
slight congestion or cyanosis, this symptom may be lacking even though 
the blood count is unusually elevated. Hess, quoted by Lamson,* and 
Gulland and Goodall *® have remarked that cyanosis may be absent. In 
some instances an unusually high blood count is found, although there 
is extreme pallor. An illustration of this phenomenon ts a control case 
(100), that of a man, aged 26, with marked hypertension (220 systoli 
and 130 diastolic), generalized arteriosclerosis and excruciating headache 
lhe urea nitrogen of the blood was normal and the urine had a specific 
eravity of 1020 with a trace of albumin. Despite an extreme, lemon- 
vellow pallor, a blood count showed 106 hemoglobin and 6,500,000 red 
cells. 

The viscosity of the blood of the patients in this group may be high, 
and speculation has arisen as to what extent this is an influence in the 
causation of the cerebral lesions. The patient in case 248 with polycy 


themia and angina pectoris had a viscosity reading of 10.8. 


COLOR INDEX (NATURE OF THE ANEMIA) 


The normal color index must be taken as about 1 (Thro,'* 15). 
Meyer and Butterfield,’® in Friedrich Muller’s clinic at Munich, found 
normal cases in which the index was 1.1 when the Sahli method for 
hemoglobin determination was employed. 

Renal Insufficiency —In the case of renal insufficiency the average 
color index values were approximately 0.9. This does not reflect the 
clinical picture, since marked variations occur. At times the anemia 
is of an extreme secondary type, and at others it resembles the pernicious 
type with the color index close to and greater than 1. The latter state 
is more frequently seen in patients with marked and maximal renal 
insufficiency, in whom one is apt to find a yellow pallor. 

Ewing,’ in 1903, attributed the “relatively high hemoglobin index” 
occurring in chronic exudative (parenchymatous) nephritis to the “loss 
of albumin which affects principally the serum.” He continued, “Grave 
or pernicious anemia develops in a small proportion of cases of chronic 
parenchymatous nephritis’ and appears at times to result directly from 
the nephritis. It must be referred to the repeated losses of albumin 
from the blood and to the general disturbance of nutrition, but it is 


probable that the very severe grades of anemia result from the combined 


effects of lesions in several viscera, including gastritis, cirrhosis of the 
liver, arteriosclerosis, etc.” 
14. Thro, W.: Clinical Laboratory Methods, New York, J. T. Willson, 1920 
15. Meyer, E., and Butterfield, E. E.: The Color Index of the Red Blood 
Corpuscles, Arch. Int. Med. 14:94 (July) 1914. 
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Berg,'® in 1922, reported a series of cases of nephritis showing that 
the patients with retention of nitrogen were apt to have a color index 
of from 0.9 to 1.1. 

Mayers,'* reporting on cases of uremia, recorded blood counts in 
which, though the color index is not stated, calculation gives figures of 
L plus as the indexes. 

The relationship of these observations to liver injury is suggested 
by I:wing’s statement already mentioned and by the fact that similar 
indexes as well as pathologic changes in the liver are encountered in 
primary pernicious anemia. Ewing '* emphasized the fact that in 
chronic Bright’s disease changes in the liver are frequent. Capillary 
congestion and distention and areas of edema are among the lesions 
of the liver that he mentioned. In experimental uremia, Andrews '" 
observed degeneration of the cytoplasm of the liver cells. In a case of 
chronic nephritis with a marked “nephrotic element,” recently observed 
in a child, the same type of fatty infiltration was found in the liver cells 
as in the tubules and interstitial tissues of the kidneys. It has been 
observed that the kidneys of cattle yielded beneficial therapeutic results 
when fed to patients with pernicious anemia. In experimental uremia 
and in “ether nephritides” of dogs, Andrews and Thomas *" found that 
the first blood-free proteins passed in the urine had their origin in the 
liver. These facts further suggested a relationship between the liver 
and kidney. At the present stage of knowledge, definite conclusions on 
this issue cannot be drawn. The point may be made, however, that a 


high color index may be a clue to a diagnosis of renal insufficiency 


apart from the nephritis which sometimes complicates primary pernicious 


anemia. Excluding the case of pernicious anemia introduced as a 
control, forty-three of the 299 cases in this study manifested a color 
index over 1. In nineteen of these the hemoglobin and red cell count 
were normal, so that these may be considered as coming under Meyer 
and Butterfield’s '° description of the high normal value for the color 
index. The remaining twenty-four cases of high index occurred when 
the red cells and hemoglobin were reduced, so that these truly reflect 
the incidence of this type of anemia. They were observed with chronic 
diffuse nephritis or with primary contracted kidney. 

16. Berg, N. N.: Observations on the Blood in Cases of Chronic Nephritis 
Associated with Nitrogen Retention, Am. J. M. Sc. 164:88 (July) 1922. 

17. Mayers, L. H.: Clinical Variations of Uremia, J. A. M. A. 88:97 (Jan. 8) 
1927. 

18. Ewing, J.: Lectures on Pathology to Cornell Medical School Students; 
Lecture Notes taken by present writer. 

19. Andrews, E.: Experimental Uremia, Arch. Int. Med. 40:548 (Oct.) 1927 

20, Andrews, FE., and Thomas, W. A.: The Origin of Urinary Proteins, 
J. A. M. A. 90:539 (Feb. 18) 1928 
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Brown and Roth?! concluded that hemolysis was not the etiologic 
factor in the anemia of chronic glomerular nephritis and ascribed the 
anemia to decreased function of the bone-marrow. If decreased blood 
formation is the cause, these color indexes must be interpreted as indh- 
cating an “aplastic type” of pernicious anemia, though on the other 
hand, it is known that after a time, hemolytic types of anemia may merge 
into aplastic types. 


Macrocytes are rarely found; *® they were noted in only one patient 
if this series, case 239 (table 10). Microcytes are usually reported 
Myocardial Insufficiency.—In the cases of myocardial insufficiency, 
as might be expected from the large number of relatively pale cells 
that congest the peripheral circulation, the denominator of the fraction 
of hemoglobin over red cells being increased, a low color index 1s usually 
observed. While not applicable to all cases on account of the extreme 
variation, it may be suggested that a high color index points toward renal 
insufficiency, while a low index indicates congestive myocardial failure. 
Cerebral Lesions—In the cases manifesting cerebral lesions, the 
average color index is about 0.9, though low indexes may be encountered 
because usually in polycythemia the red cells are proportionately more 
increased than is the hemoglobin (Lamson*). The low index here is 
differentiated from that in myocardial failure by the low hemoglobin ot 
cardiac insufficiency as compared to the high value in polyeythemia. 


THE Né 


EFFECT OF ANEMIA ON KIDNEY FI 


TION 


The question may well be raised as to whether or not the anemia 
itself does not aggravate or cause the nephritis with which it 1s associated 
\s is well known, pernicious anemia is often complicated by chronic 
productive nephritis. Many years ago, it was observed that secondar\ 
anemia produced changes in the kidney. The situation, so far as it 
hears on the present paper, may be summarized by saying that while the 
anemia undoubtedly imposes additional burdens on the heart and kidneys 
of these patients, thus forming a “vicious circle,” the history and clin 
course of the cases in this study clearly point to the fact of a nephritis 
antedating the anemia. Furthermore, in a study of four control cases 
in which the primary disease was anemia (one of which is that of a tru 
pernicious anemia), it was evident that the blood dyscrasia was mi 
more marked than was the degree of impairment of kidney functi 
Chis is the converse of what usually obtains in cases of nephritis. [1 
ise of cancer of the bladder, the anemia was characterized by a het 

vlobin as low as 37 per cent and a red cell count of only 2,448,000, vet 
the kidney function was only slightly to moderately impaired. In a cas 
(250) of primary pernicious anemia, the disease was known to have 
existed for over two vears, vet the kidney function was normal, though 
the hemoglobin was 70 per cent and the erythrocytes numbered 2.88000 


(footnote 3. first referen 


Roth 


> : 
21. Brown and 
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CONCLUSIONS 

The blood count is of value in estimating the relative importance of 
the kidney, the heart and the cerebral blood vessels in inducing the 
combination of signs and symptoms which make up the different stages 
and types of “cardiovascular renal” disease. 

1. A secondary anemia is invariably associated with and is directly 
proportional to the degree of impairment of renal function. 

(a) This relationship holds true for renal insufficiency from any 
cause. It applies whether the nephritis is acute or chronic, glomerular 
or diffuse, primary or secondary contraction, or whether the diminution 
of kidney function is due to conditions other than Bright’s disease, as, 
for example, polycystic kidney or nephrectomy. 

(b>) Hematuria, infection, albuminuria, edema, myxedenta, restricted 
protein intake, ete., produce an anemia which occurs independently of 
the lowered red cell count that accompanies impaired renal function ; all 
these influences must be considered in interpreting the significance of 
the blood picture. 

(c) In a small proportion of the cases with marked and maximal 
renal insufficiency, the anemia is characterized by a color index greater 
than 1. The possible relation of this feature to pathologic changes in the 
liver is discussed. 

2. The blood count may furnish a clue as to the coexistence of 
congestive myocardial failure or cerebral lesions. 

(a) The cardiac cases exhibit a low hemoglobin percentage which 
in a measure parallels the renal insufficiency, while the red cell count is 
normal or relatively high even when the kidney impairment is extreme ; 
the color index in cases of myocardial failure is, therefore, distintely low. 

(b) The “cerebral” cases are characterized by a high normal or 
polycythemic blood count (of hemoglobin as well as of red blood cells) 
whether the kidney function is normal or markedly damaged. This 
serves to distinguish these hypertensive cases from those in which the 


kidney lesion or the myocardial insufficiency is the dominating factor. 
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In 1904, Ambard and Beaujard,’ in France, put forth the clam 
that there was a direct relationship between the retention of sodium 
chloride and the level of arterial tension. This was followed by 
attempts on the part of French clinicians to treat patients with an 
elevated blood pressure by reducing the sodium chloride intake. In 
this country, Allen and his pupils have been the chief advocates of 
this method of treating hypertensive patients, while Mosenthal and his 
co-workers have led the opposition to this form of therapy 

In 1922, Allen and Sherrill * reported on 180 cases of hypertension 
in which the patients were treated by close restriction of the sodium 
chloride intake. Fully normal blood pressure was restored in 18.9 per 
cent of these patients, while in 41.9 per cent there was sufficient 
improvement to regard the outcome as “a distinct therapeutic success.” 
Transitory benefit followed by relapse or death resulted in 8.9 per cent 
of the patients, while complete failure occurred in 30.5 per cent of the 
cases. The failures were believed to be due to organic changes, chietly 
in the kidneys. In this report Allen set up plasma chlorides of 580 mg 
as a dividing line, and stated that patients with plasma chlorides above 
this figure had a much better prognosis than those with chlorides below 
this level. 


Isolated case reports favorable to this line of therapy were also 


published by Musser,® by Konikow and Smith, by Houghton ® and by 


others at about the same time. 
In 1923, Selman® (one of Allen’s co-workers) reported ten more 


cases of hypertension in which the patients were treated by sa 


t restr 
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tion with reduction to normal pressure in 60 per cent of the cases 
In 1925, Allen’ again reiterated his statements previously made and 
claimed striking success in 60 per cent of his cases. He said that he 
also believed the salt restriction to be of benefit in mitigating the 
symptoms and prolonging life even in the majority of cases classed as 
failures. Furthermore, he stated that others who had obtained no 
benefits from salt-free diets in hypertension had failed because their 
diets were not accurately salt free. 

Carrying on Allen’s work, Vogel * recently reported the results in 
212 cases of hypertension in which the patients had been treated at 
\llen’s institute since the report of 1922. Seventy-four per cent of 
these patients were improved, while 26 per cent were classed as unim- 
proved, In the majority of the unimproved cases, the patients were 
thought to have had an associated nephritis. 

In opposition to the claims of Allen and his co-workers, O'Hare,’ 
in 1921, arranged a series of forty-five cases of hypertension accord- 
ing to the height of the maximum blood chlorides and showed that 
those with the normal chloride values averaged the higher blood 
pressures. In 1922, Mosenthal'® showed that there was no close 
relationship between the blood pressure and the concentration of salt 
in the blood, and, furthermore, that types of nephritis characterized 
by salt retention have as their outstanding features albuminuria, edema 
and no increase in blood pressure. Moreover, he had not succeeded in 
affecting the arterial tension by the administration of 10 Gm. of sodium 
chloride per day. In 1923, Mosenthal and Short '' once more reiterated 
their claims of the inefficacy of sodium chloride restriction as a 
therapeutic measure in cases of hypertension. They emphasized the 
marked spontaneous variations which occur in the blood pressure of 
all hypertensive persons and showed that there was no evidence that 
sodium chloride raises the blood pressure. They concluded that sodium 
chloride may be safely administered in large doses to patients with 
hypertension, provided that there are no complications or sequelae 
present. 

\s an interesting sidelight on this question, mention may here be 
made of the work of Addison,'* who claimed that it was the sodium 
and not the chloride ion which was harmful to patients with hyperten- 
sion, and he treated these patients with potassium chloride. 

7. Allen, F. M.: New York State J. Med. 25:726, 1925 

8. Vogel, S. A New York State J. Med. 28:318, 1928 

9. O'Hare, I. P.: Proc. Am. Soc. for Clin. Invest., 1921, p. 6. 

10. Mosenthal, H. O.: M. Clin. N. Amer. 5:1139, 1922. 

11. Mosenthal, H. O., and Short, J. J.: Am. J. M. Se. 165:531, 1923 

12. Addison, W. L. T., and Clark, H. G.: Canad. M. A. J. 25:913, 1925. 
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METHOD 
The purpose in this work was to « 
amounts of sodium chloride in the dietary of 
sion. This has been attempted in a series of thoroughly controlled and 
carefully studied cases. We have also checked the results in two o! 
these cases by repeating the sodium chloride studies after waiting several 
months. The difficulties encountered in such a study are numerous. In 


the first place, we have found it necessary to hospitalize our patients, as 
otherwise no accurate check could be kept on the diets. In the second 
place, daily determinations of sodium chloride had to be run on the 
specimens of urine to act as controls on the daily salt intake. Moreover, 


we have found that symptoms of salt privation prevented prolonge 


cl 


administration of diets containing less than 1 Gm. of sodium chloride per 
lav. Also we must not omit the fact that patients usually find diets with 


low salt content rather unpalatable and object to keeping up thts 
regimen for a long period; after a while they tend to begin to “cheat” 


on the diet. 
We have purposely refrained from using the term “salt free” 


connection with diets, as there is, accurately speaking, no such a thing 


as a strictly salt-free diet. Instead, we have designated our diets as 
salt-poor when they contained less than im. of sodium chloride per 
day and as very poor in salt when they contained less than 1 Gm. o+ 
sodium chloride per day. In order to go to the opposite extreme in oul 
tests we have also given these patients 10, 20 and even 30 Gm. of sodium 


chloride per day in addition to the amount present in the diet, and 


some cases have also tried the effect of large doses of sodium chlorid 
intravenously. It must be emphasized 
heen checked by daily determinations of 


In these patients we endeavored to 


while keeping all the other factors as constant as possible 


observed the patients on an unrestricted diet for a 
had become accustomed to hospital routine and 
reached as stable a level < is possible with this t 

(whose blood pressure, < al know, 1s subject 

spontaneous variations ). 


We here report the results of varying the sodium chl 


‘f eleven patients with hypertension. 


studies on two of these patients at 
in the hospital was thirty-nine days; the shortes 
the longest seventy five day These patients 


31 to 57 vears. Three -re men and eight were women 
white and two were colored. All of these cases belong to those com- 


monly classified under the heading “essential hypertension”; that 1s, 


ievate 1 pressure V out evidence or real kidt ey 


the patients had el 


PT ENS \ S22 
PERT EN SION 
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time 
or time u li 
eir pressures 
pe of patient 
to frequent 
ry averag 
nes. i aAVOTARC Stay 
; t stay was nineteen and 
ranged in ages from 
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damage and without any other readily ascertainable cause for the 
increased tension. The heart rate was regular in all cases. The 
pressures at the time of admissions varied from 150 systolic and 100 
diastolic to 264 systolic and 134 diastolic. Diabetes (of a mild type) 
was present in one case; otherwise there were no complications. 

In addition to these patients, we have also made observations on the 
effect of changes in the sodium chloride intake on the blood pressure 
of two other patients—one with nephrosis (for fifty-three days) and 
the other with acute glomerular nephritis (for eighty-one days). 

With all the other factors constant as far as possible, the patients were 
kept on salt-poor diets and on diets containing varying amounts of salt 
for a sufficient length of time to observe whether there was any 
relationship between the pressure and the diet. 


Tas_e 1.—Summary of Blood Pressures on Varying Salt Intakes 


Low Very Low 

Salt Salt 

(Less (Less 

Than Than 1Gm. 20Gm. 25Gm. 30Gm. 

2Gm./ 1Gm./ 8s Salt; Salt/ Salt, Salt Salt 
Case 2 Day) Day) ay Day j Day Day 
9 
3 : 194/111 

216/117 

N. 


C. 
G. 
Ss 


F 

F. R 
F. R 
G 
W 
L. K 
L. K. 
Ww 
B 
E. I 
E. K 
(Nephrosis) 


J. R. (age 11). 
Acute Nephritis 


MOE 


In order to conserve space, we reproduce only four of the charts, 
showing the daily (or twice daily) blood pressure readings, the daily 
chloride output and the salt intake. In reporting our cases, we think 
it would be too confusing for the reader and would take up too much 
of his time to give all the pressure readings, and we are therefore 
giving only the average blood pressure level on each type of diet in 
each case. Table 1 gives a summary of the average blood pressure 
levels in each patient under the varying amounts of salt intake. 

Before going on to the case reports, it is worth while to emphasize 
that patients with hypertension commonly show spontaneous variation 
from day to day and even during the course of the same day. Deduc- 
tions from the pressure curves must therefore be made with great 
caution, and only appreciable changes in pressure which are maintained 
over a period of time should be considered as having any significance. 
In order that the personal equation might be eliminated as far as pos- 
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sible, variations in the salt intake were made without the knowledge of 


those recording the blood pressure. 


REPORT OF CASES 


Case 1—A. S., a woman, aged 52, was admitted to h al on June 20, 


) 


3. and was discharged on Aug. 10, 1923. Her chief complaints were precordial 


pain, backache and generalized weakness, also dizziness, shortness 
palpitation. The symptoms dated back about fi 
progressively worse. The blood pressure at the 

tolic and 120 diastolic. The results of further ph 
essentially negative. The orthodiagram showed widening 
descending aorta and moderate enlargement of the heart 
showed small amounts of albumin, hyaline and grant 

The blood chemistry was normal. The plasma chlori 

cubic centimeters. 

With the patient on a routine house diet, the 
systolic and 110 diastolic; on a salt-poor diet, 198 syst 
10 Gm. of salt per day, 210 systolic and 119 diastolic a 
day, 214 systolic and 127 diastolic 


Case 2.—J. F.. a man, aged 55, was admitted to tl 


ind was discharged on Aug. 30, I! 23 His symptoms d 


one-half years and consisted chiefly of ringin 

legs and shortness of breath on exertion. The 

and 110 diastolic. There were no signs of decompensation i orthodiagram 

showed considerable enlargement of the heart to the left and also some wide ning 

of the aorta. The urine showed a faint trace albumin and a tew ca and 
blood cells. The blood chemistry was normal, l 

were 578 mg. per hundred cubic centimeters 

The average blood pressure with the patient on an unrestr! *t was 
systolic and 109 diastolic; on a diet with a sal ntent of | han 1 Gm 
lay, 230 systolic and 104 diastolic; on 10 Gm. « 
systolic and 112 diastolic; on 15 Gim. of sodium 

1 112 diastolic, and on 25 Gm. of sodium chl 

diastolic. 

Case 3.—F. R., a woman, aged 50, was admitted to tl 
1923, and was discharged on Dec. 17, 1923. The symptom 
sations in the head, pains in the abdomen, belching of lortnes 
breath, all of about four years’ duration. The pressure at the time 
admission was 230 systolic and 115 diastolic. Ther igns of decompensa 
tion. The orthodiagram showed the heart to 
ind the aorta widened. The urine showed trac i 
sional casts. The blood chemistry was normal. The plasma chlorides were 564 
mg. per hundred cubic centimeters 

With the patient on an unrestricted diet, the blood pressure averaged 
systolic and 110 diastolic; on a salt intake of less than 2 Gm. per day, it ave raged 
194 systolic and 111 diastolic, and on less than 1 Gm 
112 diastolic. 

The patient was readmitted on Jan. 7, 1924, and discharged on March 4, 192 
Readmission was due to increase in the symptoms he presence of fresl 
retinal hemorrhages. The blood pressure at this time was 264 systolic and 134 
diastolic; the blood chemistry was normal and the plasma chlorides were 626 mg 


per hundred cubic centimeters. 
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When the patient was on an unrestricted diet, the blood pressure 
systolic and 117 diastolic; on 10 Gm. of sodium chloride per day, it 
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averaged 219 


averaged 215 


systolic and 111 diastolic; on 20 Gm, per day, 225 systolic and 113 diastolic, and 
on a low salt diet (less than 1.5 Gm. per day), 216 systolic and 117 diastolic. 

Case 4.—W. G., a colored man, aged 49, was admitted to the hospital on May 
19. 1923, and was discharged on June 12, 1923. The chief complaints were short- 
ness of breath of six months’ duration and swelling of the ankles of three weeks’ 
duration. The blood pressure was 182 systolic and 130 diastolic. The heart was 
moderately enlarged. The liver was palpable three fingerbreadths below the costal 
margin, and there was a moderate degree of pretibial edema. The urine showed 
considerable albumin but no casts. The blood chemistry was normal, and the 
plasma chlorides 597 mg. per hundred cubic centimeters. 
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Chart 1.—Blood pressure readings, daily chloride output and salt intake in 
case 3 during the patient's first admission. 


With the patient on an unrestricted diet, the blood pressure average was 195 
systolic and 124 diastolic, and on a low salt intake (less than 0.5 Gm. per day) 
it averaged 190 systolic and 118 diastolic. 

Case 5.—N. W., a woman, aged 43, was admitted to the hospital on March 19, 
1923. and was discharged on June 2, 1923. The chief complaints were headaches, 
backaches, spots before the eyes and frequency of urination. She had known of 
her hypertension for about two years. The blood pressure was 252 systolic and 
130 diastolic. There was slight cardiac enlargement to the left and no signs of 
decompensation. The blood chemistry was normal, and the plasma chlorides were 
582 mg. per hundred cubic centimeters. The urine at times showed traces of 
albumin and occasional casts 
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When the patient was on an unrestricted diet, 


ie od pressure average 
2%) systolic and 115 diastolic; on a low salt intake, 217 systolic and 132 diastole 
1 10 Gm. of sodium chloride per day, 201 systolic and 121 diastoli 
sodium chloride, 204 systolic and 122 


2 diastolic, and on 20 Gm. of 
er day, 203 systolic and 119 diastolic 


Case 6—L. K., 


on 15 Gm. ot 


sodium chloride 


a woman, aged 40, was admitte¢ 


to the 
1922, and was discharged on May 21, 19 


22. The compl 
iches, and of aches and pains in different parts of the 


[he blood pressure was 175 systolic and 95 diastol 


hospital on May 1, 
aints were chiefly of head 
ody tor about 


} sevel 
hic There was shght cardia 

enlargement, but no signs of decompensation. The blood chemistry was normal 

The urine showed slight amounts of albumin at times and occasional hyaline and 

granular casts. 
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The patient was readmitted on Feb. 13, 1923, and discharged on March 4, 1923. 
This time the patient complained chietly of headaches. The blood pressure at 
the time of admission was 164 systolic and 90 diastolic. The blood chemistry was 
normal and the plasma chlorides were 622 mg. per hundred cubic centimeters. 
The urine was normal, except for traces of albumin. 

With the patient on an unrestricted diet, the blood pressure averaged 164 
systolic and ©O diastolic. On a low salt intake, it averaged 183 systolic and 110 
diastolic, and on a very low salt intake, 189 systolic and 110 diastolic. 

Case 7.—C. W., a man, aged 30, was admitted to the hospital on June 12, 1924, 
and was discharged on July 23, 1924. The chief complaints were swelling of the 
legs and generalized weakness of two months’ duration. The blood pressure was 
150 systolic and 100 diastolic. There was slight edema of the ankles. The urine 
showed large amounts of albumin and on microscopic examination granular casts. 
The blood chemistry was normal and the plasma chlorides 597 mg. per hundred 
cubic centimeters. 

When the patient was on an unrestricted diet, the blood pressure averaged 152 
systolic and 94 diastolic; on a low salt intake (less than 2 Gm. per day), it 
averaged 138 systolic and 98 diastolic, while on a very low salt intake, it aver- 
aged 155 systolic and 95 diastolic. 

Caste 8.—G. S., a woman, aged 45, was admitted to the hospital on June 24, 
1924, and was discharged on July 12, 1924. The chief complaints were headaches 
and throbbing sensations of one year’s duration. The blood pressure was 200 
systolic and 112 diastolic. The orthodiagram showed slight left ventricular 
enlargement and diffuse aortic widening. There were no signs of decompensa- 
tion. The blood chemistry was normal, and the plasma chlorides 626 mg. per 
hundred cubic centimeters. The urine contained no albumin, but occasional gran- 
ular casts were found on microscopic examination. 

With the patient on an unrestricted diet, the blood pressure averaged 200 sys- 
tolic and 112 diastolic; on a very low salt intake, it averaged 158 systolic and 
109 diastolic. 

Case 9.—S. B., a woman, aged 31, was admitted to the hospital on April 7, 
1924, and was discharged on May 13, 1924. The chief complaints were shortness 
of breath, fainting spells and pain in the left side of the chest of three and 
one-half years’ duration. The blood pressure was 190 systolic and 110 diastolic. 
There were no signs of decompensation. The orthodiagram showed the aorta to 
he slightly widened and increased in density. The blood chemistry was normal, 
and the plasma chlorides 586 mg. per hundred cubic centimeters. The urine 
showed small amounts of albumin at times but no casts. 

When the patient was on an unrestricted diet, the blood pressure averaged 166 
systolic and 98 diastolic; on a very low salt intake (less than 0.5 Gm. per day), 
155 systolic and 102 diastolic, and on a daily intake of 10 Gm. of salt, 148 systolic 
and 99 diastolic. 

Case 10.—E. L., a colored woman, was admitted to the hospital on May 6, 
1924, and was discharged on June 12, 1924. The chief complaints were frequent 
severe headaches and occasional fainting spells. The blood pressure was 240 
systolic and 120 diastolic. The orthodiagram showed moderate left ventricular 
enlargement. There were no signs of decompensation. The blood chemistry was 


normal and the plasma chlorides 577 mg. per hundred cubic centimeters. The 


results of urinalysis were negative. 

The blood pressure with the patient on an unrestricted diet averaged 186 
systolic and 102 diastolic: on a very low salt intake, 156 systolic and 99 diastolic, 
and on 10 Gm. of salt per day, 182 systolic and 118 diastolic 
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Cast 11.—E. K., a woman, aged 57, was admitted to the hospital on Marcel 
23, and was discharged on June 2. The chief complaints were shortne 


breath, palpitation and precordial I 


as well as generalized aches and 
ntermittently for about twelve years. 


rhe blood pressure was 240 systolic 


al 
“YO diastolic. The orthodiagram showed moderate left ventricular enlargement 


rhe urea nitrogen of the blood was 20 mg. per hundred cubic cent meters, and 
the plasma chlorides 626 mg. per hundred cubic centimet rs. The urine showed a 
trace of albumin but no casts. The blood Sugar at the time of admission was 
184+ mg. per hundred cubic centimeters, and the first specimen of urine showed 
i moderate amount of sugar. The diabetes was easily controlled by regulating the 
diet, and the patient remained “sugar-free” during |} 

With the patient on an unrestricted salt intake, the 
trom 240 systolic and SO diastolic to 200 tolic 


systo 


and 
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Chart 3—Blood pressure readings, daily chloride out 


put and salt intake in 
case 12, 


I 


igures obtained at first served to bring the average pressure for 
to 221 systolic and 100 diastolic. On a salt intake of less thar 
the pressure averaged 206 systolic and 95 diastolic, and on a 
(reaching an intake at times of 30 Gin. per day), it averaged 194 
diastolic. 

Cas— 12.—Nephrosis—L. R., a man, aged 26. was admitted to the hospital 
on May 15, 1923, and was discharged on July 7, 1923. The chief complaints were 
recurrent swelling of the left submaxillary region and swelling of 


legs of about four months’ duration. He felt well otherwise | 


showed slight puffiness of the eyelids and edema ot the le ys T he remalitr der of 


ankles and 


Xamination 


the examination gave negative results. The blood pressure at the tin 


admission was 146 systolic and &% diastolic. The 


blood chemistry 


The plasma chlorides were 626 me per hundred cubic centimeters 
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showed large amounts of albumin but no casts, and the specific gravity varied 
from 1.005 to 1.025. The phenolsulphonphthalein output was 65 per cent in two 
hours. The eyegrounds were normal. 

When the patient was on an unrestricted diet, the blood pressure fell from 
146 systolic and &6 diastolic to 115 systolic and 78 diastolic with an average of 
136 systolic and 72 diastolic. On a salt-poor diet the pressure then averaged 
109 systolic and 77 diastolic. With 15 Gm. of salt per day added to the diet, the 
pressure averaged 109 systolic and 71 diastolic, and with 30 Gm. of salt per day 
added to the diet, 119 systolic and 82 diastolic. Following this the patient was 
again placed on a salt-poor diet, and the blood pressure averaged 121 systolic and 
83 diastolic. 

Although the blood pressure was not influenced by the salt intake, caretul 
check on the patient’s weight (twice daily weighing) showed that the edema 
increased with the salt intake. 

Caseé 13.—Acute Glomerular Nephritis—J. R., a boy, aged 11, was admitted 
to the hospital on Nov. 20, 1924, and was discharged on Feb. 9, 1925. About two 
weeks before admission the patient had a sore throat. While the patient was 
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‘hart 4—Blood pressure readings, daily chloride output and salt intake in 


Case 13. 


recovering from this, the mother noticed that the child’s face was becoming rather 


puffy, especially around the eyes. Soon after this the legs also began to swell, and 


in addition the child began to complain of pain in the back just below the ribs on 
both sides. Since the onset of his illness, the child had had increased frequency 
of urination. 

Examination showed generalized subcutaneous edema, most marked in 
face which was puffy and about the eyes where the swelling was prominent 
tonsils were hypertrophied, and there was some redness of the pharynx. 
heart was slightly enlarged. The blood pressure was 170 systolic and 0 diastolic. 
There was tenderness over both kidneys posteriorly. The urine at the time of 
admission showed gross blood and a large amount of- albumin, and microscopically 


large numbers of red blood cells, white blood cells and casts. The blood chemistry 
showed nonprotein nitrogen, 50 mg.; urea nitrogen, 23 mg.; creatinine, 1.6 mg., 
and plasma chlorides, 530 mg. per hundred cubic centimeters. 


At the time of admission, the patient was put on a salt-poor diet; following 
this, 15 Gm. of salt per day was added to his diet and later, 5 Gm. of salt was 


added. In addition he was given 5 Gm. of sodium chloride (in 5 per cent 
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tion) intravenously on three occasions, Following the intravenous admuinist 
of sodium chloride, the blood pressure readings were taken at hourly 
with the results shown in table 2. 

The patient improved slowly, and his blood pressure dropped gradually, witl 
out regard te the salt intake. At the time of discharge there was no blood in t 
urine, and the microscopic examination failed to show any red blood cells or 
\lso the edema had entirely disappeared. 


SUMMARY 

1. The effect of sodium chloride on the blood pressure has been 
studied on eleven patients with so-called essential hypertension, on one 
patient with nephrosis, and on another with hypertension associated 
with acute glomerular nephritis. 

2. These patients have been carefully observed while on diets con 
taining varying amounts of sodium chloride, ranging from intakes ot 
less than 1 Gm. per day to 30 Gm. per day. 


3. In only one of these cases (case 10) was there an appreciable 


drop in blood pressure, which seemed to be due to the salt-poor diet. 


Tarte 2.—Blood Pressure Readings Before and After the Intravenous 


Administration of Sodium Chloride 


Before 
hour after.. 
> hours after 
hours after.. 
i hours after 


4. In another case (case 8) there was a well marked drop in the 
systolic pressure, but this case was not observed for a sufficient length 
of time. 

5. Ina third case (case 6) the blood pressure fell when the patient 
showed marked signs of salt privation with accompanying anorexia, 
weakness, etc., but rose again when her condition improved. 

6. Reduction of the sodium chloride intake in all of the other cases 
did not cause a drop in the blood pressure level. 

7. Raising of the sodium chloride intake above the normal level als 
did not have any appreciable effect on the blood pressure. 

8. In the patient with nephrosis the edema (but not the blood 
pressure) varied with the amount of sodium chloride in the diet. 

9. Administration of sodium chloride orally and intravenously ever 
to patients with acute hemorrhagic nephritis had no effect 
hlood pressure level. 

10. The initial level of the plasma chlorides bore no relation to tl 
subsequent course of the case. 


34] 
Dec. Dec. 25th Jan. it 
1a 136/72 199 79 
150/80 138/71 122/72 
162 20 66 1) / 
160% 128/70 174/68 
160/99 136 72 
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CONCLUSION 
Thirteen patients were carefully observed in the hospital for a period 
of time ranging from twenty to eighty-one days (average, forty-four 
days). After an initial period of stabilization, rest in bed, diet, etc., 
ranging from ten to fourteen days, salt was withdrawn from their diet, 
their output dropping in most instances to below 1 Gm. per day and 
in some as low as 0.5 Gm. per day. After they had been kept at this 


level for periods of from two to five weeks, sodium chloride was added 
to their diet in quantities of from 10 to 30 Gm. per day, supplemented 


in several instances by the intravenous administration of from 5 to 
15 Gm. We have failed to see any unquestioned modification of the 
blood pressure curve which could be definitely attributed to variations 
in the sodium chloride intake. 
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COMBINED MEDICAL AND SURGICAL TREATMENT * 
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We feel certain that the method which we shall attempt to describe 


for the control of a definite clinical syndrome has not been described 


elsewhere. At the same time, we do not claim credit for the origin ot 
the separate and independent factors that are involved in the procedure 

Intestinal obstruction, or at least the clinical picture that we ascribe 
to it, has been referred to for centuries. Since the etiology, 
symptomatology and pathology are so well understood and so widels 
discussed in the literature, we have purposely omitted them from this 
paper. 

Our attention was first directed toward this work several years ago, 
during a period of physiologic research. At that time the fact which 
impressed us was that practically all workers were agreed as to the 
etiology, symptoms and pathology of this clinical picture, but that their 
differences and difficulties arose in attempting to explain the sequence 
and the cause of death which followed after the actual obstruction had 
been produced. 

After a careful review of the latest experimental work on intestinal 
obstruction, peritonitis and ileus, we concluded that the best founded 
theories today which attempt to explain the clinical syndrome and the 
cause of death in these conditions rest between those of toxemia, 
dehydration, perverted secretion, bacteremia, and possibly the most 
recent of all, advocated by Williams * of London, the presence of a toxin 
due to a specific organism. 

We feel that the best founded theory is that of toxemia. One of 
us was associated with Dragstedt at the University of Chicago when 
a series of experiments was being carried out in an attempt to produce 
this clinical syndrome in dogs by means of artificial obstruction. 

Since the details of the methods employed, as well as a report of the 
results, have been so well described and discussed,? we shall only briefly 
summarize the work for the sake of giving the basis and beginning of 


~ 


our ideas. 


* Submitted for publication, June 6, 1929 

1. Williams, B. W.: Brit. J. Surg. 14:295 

2. Dragstedt, L. R.; Moorhead, J. J., ane 
25:421 (March) 1917. 
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After producing artificial obstruction in several different ways, it 
was the aim of the Chicago workers to produce the same clinical and 
pathologic picture in their animals and still maintain a patent and, if 


possible, a functional gastro-intestinal tract. This was accomplished by 


preparing isolated closed intestinal loops about 12 cm. long and reestab- 
lishing the tract by end-to-end anastomosis, as shown in A in the 
accompanying illustration. 

Both ends of the loop thus isolated were inverted and closed with 
double rows of purse-string sutures, care being taken not to interfere 
with the blood supply. The closed loops were then left free in the 
abdominal cavity. These animals presented a definite and constant train 
of symptoms, and died in from thirty-six to sixty hours of severe 
toxemia. The symptom-complex was practically identical with that 
of the animals in which obstruction had been produced, as shown in 
2B in the accompanying illustration, and an autopsy revealed either a 


In .4, the end-to-end anastomosis is shown at a, while b is the isolated closed 
loop. In &, the bowel is severed, with the free ends closed at c. 


markedly distended partially necrotic loop filled with the 
characteristic reddish-brown, foul-smelling fluid, or a rupture of the 
loop along the antimesenteric border, with expulsion of the fluid and a 
general peritonitis. 

Further work aimed at the specific nature of this fluid revealed it 
to be relatively harmless when administered to normal animals by mouth 
and extremely toxic when given intravenously; its chemical nature 
seemed to be closely related to the amines, and its origin, in all probabilty, 
was from decomposition by the proteolytic strain of intestinal bacteria. 
\ttempts to immunize animals with the material were unsuccessful. 
During further research on the problem, attempts were made to sterilize 
the loops previous to-closing the ends, in order to control bacterial 
activity. The various so-called intestinal antiseptics, as well as solutions 
of phenol, compound solution of cresol, mercuric chloride, alcohol and 
ether, were used. In no case could the loop be sterilized, but with 
ether and alcohol a retardation of the progress of the toxemia could be 


effected. 
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From a careful study of this and other experimental work, we feel 
that a logical and scientific basis can be set down for the underlying 
principles in the symptom complex and cause of death in these con- 
ditions, and this we feel is always a scientific requirement prior to an) 
treatment that is to be devised, especially if the treatment is to be applied 
to human beings. 

A brief discussion, then, of the most plausible theories is wort! 
while. 

Although dehydration did not appear to be an important factor in the 
animals.? we feel that it is a decided factor in cases of clinical obstruction 
and septic invasion of the peritoneum. We also feel that it is a result 
of the toxemia and does not play a primary role in the morbidity of the 
patient, since the same end-result can be produced in the cases showing 
isolated loops, conditions in which there was no excessive vomiting 

It seems unquestionable that there is a perversion of function of the 
intestinal mucosa in these conditions, but the experimental work would 
seem to indicate that the perversion has to do with absorption and 
cellular activity rather than with secretion, since the loops described can 
be left to drain freely into the peritoneal cavity without any untoward 
results; also, the fact that in the cases in which the bacterial growth 
was retarded by removing the substrate from the lumen previous to 
closing the loops would indicate that the beneficial effect was not on 
basis of perverted secretion. A further illustration of this was found 
in the cases of congenital atresia or other malformations which simulate 
obstructions, as in an infant in whom the condition was found at birth 
in our own clinic at the Gowdy Hospital at Miami, Fla., and whose cas 
we reviewed at the time of writing this article and similar cases 
reported by Long * and others. We find that the clinical manifestations 


1 


do not set in until bacteria enter the tract. Since the glands of the 
intestinal wall have been active, even before birth, we feel that thi 
also speaks against the theory of a perverted secretion, as advocated 
Whipple, Stone and Bernheim.* 
That a bacteremia is present seems to have been disproved 
McKenna® and others,’ who examined the heart's bl 


peritoneum and various organs and found them uniformly sterile 


As to the presence of a specific toxin and the possibility of 


t 
serum for it, we are waiting for further research. 
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Assuming it to be a well established fact that the first condition 
following the initial cause in these conditions is a toxemia, we attempted 
to review other observations on the clinical picture before attempting 
to rationalize a method of treatment. Probably the most outstanding 
and valuable of recent contributions have been those of Haden and Orr,” 
who showed the constant changes that occur in blood chemistry. These 
changes are chiefly an increase in the blood nonprotein nitrogen, a 
decrease in the chlorides and an increased carbon dioxide-combining 
power of the blood. These workers advocated, apparently with some 
success, the intravenous administration of a hypertonic solution of 


sodium chloride, and other workers *® confirmed their results and treat- 
ment on clinical patients. 

A group of workers in Iowa called attention to the lower level of 
metabolism in these cases. A review of case histories, with regard to 
symptoms, bears out this suggestion, since many patients manifesting 
the picture of perforation peritonitis, ruptured viscera or surgical 
shock, with a metabolic rate that is at a minimum ebb, have been proved, 
at operation or at necropsy, to have obstruction. The collapse, 


dehydration and scanty urine would also indicate that both metabolism 


and excretion are going on at a low level. 

Macrae *° stressed the value of intestinal drainage as a therapeutic 
measure. Berg, Meleney and Jobling"! suggested that their work 
indicated the possibility of the duodenal wall developing an acquired 
immunity to the intestinal flora, which might even be bactericidal. 

During experiments on the function of the duodenum, Dragstedt 
and his co-workers '* showed the value of free drainage and frequent 
irrigations of the duodenum during a partial obstruction. Williams * 
suggested that the toxemia is chiefly caused by anaerobic bacteria and 
that any means of supplying an excess of free oxygen to the intestinal 
lumen will aid in combating the gravity of the condition. He developed 
a serum which we feel has not as yet had a sufficient trial. 

During our research and review of the literature on other problems 
we have found, from time to time, valuable suggestions concerning the 
problem described in this paper. 


8. Haden, R. L., and Orr, T. G.: High Jejunostemy in Intestinal Obstruction, 
J. A. M. A. 87:632 (Aug. 28) 1926; J. Exper. Med. 55:795, 1926. 

9. Coleman, FE. P.: Use of Hypertonic Saline Solution in Acute Intestinal 
Obstruction, J. A. M. A. 88:1060 (April 2) 1927. 

10. Macrae, Donald, Jr.: Management of Acute Conditions of the Abdomen, 
J. A. M. A. 89:1113 (Oct. 1) 1927. 

11. Berg, B. N; Meleney, F. L., and Jobling, J. W.: Experimental Chronic 
Duodenal Obstruction, Arch. Surg. 14:752 (March) 1927 

12. Dragstedt, L. R.; Dragstedt, C. A.; McClintock, J. T.. and Chase, C. S.: 
Am. J. Physiol. 46:584 ( Aug.) 1918. 
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In reviewing the function of the parathyroid glands, Luckhardt, 
Dragstedt, one of us (K. P.) and Sudan,"* Dragstedt and Peacock 
and Sudan gave vital indications that the tetany following complete 
extirpation of the glands is intricately related to a toxemia that ts 
most probably concerned with protein split products from the gastro 
intestinal tract similar in nature to the amines. On this assumption 
they showed conclusively that these poisonous bodies can be controlled, 
either at the site of their production by changing the flora and thus the 
metabolism in the intestine, or after their absorption by copious intra 
venous injections of physiologic solution of sodium chloride or, pret 


erably, of Ringer's solution. Whether the toxins are free in the blood 


stream as such, or whether there is some linking up with the cel 
are later broken up, the writers were not able to decide; but improv 
ment in the animals was invariably coincident with violent diuresis 

Fleming ™ showed that the phagocytic power of the leukocytes has 
a definite relationship to the concentration of salt in the blood, and 
suggested that with an upset in the concentration of salt the resistance 
of the blood is temporarily reduced. This is interesting, since there 
was an upset in salt metabolism in the cases described in this paper. 

In thirty-one cases of extensive cutaneous burns, Davidson ** found 
that there is a definite fall in the chlorides of both whole blood and 
plasma, and claimed that in these cases the explanation does not he in 
the loss of fluids, the fever, the concentration of blood or the renal 
threshold, but that the fall appears to be due to disturbed chloride 
metabolism with retention in the tissues. We feel that this ts 
significant, since it points out a possible relationship to a simular 
mechanism in toxemias of other origin. 

Lipschitz ** found that after ligation of the pylorus, various sul 
stances, including dextrose and sodium salts, when given intravenousl\ 
would be secreted through the gastric wall into the lumen of the stoma¢ h 
This might throw some light on the explanation of the loss of chlorid 
in cases of obstruction and is confirmed by the claim of some ( Richard 
son of Boston) that the fluid found in the intestinal lumen, proximal to 
an obstruction, contains 5 Gm. of chloride per liter. 

About three years ago, obstetric literature began to contain reports 
on the efficacy of the intravenous administration of dextrose and insulin 


13. Luckhardt and Rosenbloom: Proc. Soc. Exper. Biol. & Med 19:129, 1921. 

14. Dragstedt, L. R.; Phillips, K., and Sudan, A. C.: Am. J. Physiol 65: 368 
and 503, 1923. 

15. Dragstedt and Peacock: Am. J. Physiol. 64:424 (May) 1923 

16. Fleming, A.: Brit. J. Exper. Path. 7:274, 1926. 

17. Davidson, E. C.: Sodium Chloride Metabolism for Cutaneous Burns at 
Its Possible Significance for Rational Therapy, Arch. Surg. 13:262 (Aug.) 1926 

18. Lipschitz, W.: Klin. Wehnschr. 5:2008, 1926. 


548 ARCHIVES OF INTERNAL MEDICINE 


in treatment for toxemias of pregnancy. Dragstedt, one of us (kK. P.) 
and Sudan,’ at about the same time, were showing a close and interesting 
relationship between the toxemias of pregnancy and a syndrome pro- 
duced artificially in dogs. When a careful scrutiny is made of experi- 
mental work on toxemias of pregnancy, acute dilatation of the 
stomach, parathyroid tetany, peritonitis and the various forms of intes- 
tinal stasis and obstructions, one cannot avoid being peculiarly attracted 
to the evidence of a close relationship between them all, intricately 
interwoven, and the question arises as to whether there is some basic 
underlying principle in common. Thus the idea is kept in mind that any 
successful method of treatment for one condition might well be analyzed 
and considered in its application to others. 

In the routine treatment of patients with tumors of the brain and 
other intracranial lesions, Kanavel and Davis, of the department of 
surgery of Wesley Hospital at Chicago, noticed that the intravenous 
administration of hypertonic solution of dextrose not only gave relief 
from intracranial pressure but invariably improved the metabolism in 
general. Holmes and Goldstine, of the medical and gynecologic depart- 
ments of this hospital, made a similar observation on patients with 
nephritis and uremia who were being treated with dextrose and insulin ; 
in these patients, a marked diuretic effect was often observed. 


TREATMENT 
On the basis of the aforementioned experimental work, together with 
clinical reports and observations, we have worked out a combined medical 
and surgical method of handling these cases of toxemia. The treatment 
consists of five parts, each of which has its own field and will be 
discussed later. 
Briefly, our method is as follows: 


1. A Rehfuss tube is passed into the stomach and the duodenum, where it is 
left for several days, if necessary; during this period, hourly aspirations, washings 
and instillations are given. 

2. A solution of dextrose in 50 per cent concentration is given intravenously, 
care being taken to administer it slowly. The amount of each dose will vary 
trom 40 to 100 cec., depending on the size of the patient. At the end of the 
injection enough insulin to burn this dextrose, calculated on the basis of 1 unit 
per two grams of dextrose, is given hypodermically 

3. The blood stream is supplied with an excess of fluids which produce better 
results if given a short time after the dextrose. For this reason we prefer the 


intravenous method to hypodermoclysis in supplying these fluids. We also prefer 


Ringer's solution to physiologic solution of sodium chloride, but owing to the 


general unfamiliarity of the medical profession with its use, it is customary 
use the latter. 
19. Dragstedt, L. R.; 


69:477 ( Aug.) 1924 
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4. After the diuresis and the effect of the dextrose and saline solution are wel 


under way, an intravenous injection of 10 per cent solution of sodium chloricdk 


given, varying in amount from 75 to 150 cc., according to the size of the patient 


5. High entertostomy is performed under local anesthesia in patients who fail 


to respond to the medical management as well as they are expected t 


It will at once be noticed that the treatment is rather generalized 
Since every case presents an individual problem in itself, it is impossible 


to outline the treatment in a definite order. We have had some patients 


who were moribund and within eight hours we have carried out the 


entire treatment, including enterostomy, and recovery has occurred. In 


general, however, we handle our cases in about the order enumerated 


In regard to the number of cases that we have handled, we should 
like to call attention to the handicap under which we have been working. 


We are certain that all will agree that clinical research done by those 


who are not connected with charity institutions is a slow and discouraging 


process. This work has been done almost entirely on private patients and 


on patients who have been referred to us by other physicians. Therefore, 


although our experimental observations began several vears ago, we 


have to date been able to use this method of treatment on only forty 


patients. We are convinced, nevertheless, that the results are well 


founded, and during the course of subsequent cases there will be little 


to add. 


OF CASES 


REPORT 


We shall limit the cases described to four, which will well serve as 


examples of the efficacy of our method. 


Case 1.—Mrs. A, aged 23, weighing 100 pounds (45.4 Kg.), was admitted 
the hospital with a condition tentatively diagnosed as pelvic peritonitis. On the 


second day, the diagnosis was changed to an “emergency case requiri: 


operation.” Laparotomy revealed a diffuse, generalized peritonitis with a greenish 


white exudate clinically resembling the pneumococcic type; smears, however, failed 


to reveal the organisms. There was a deposit of fibrin over the visceral peritoneun 


loed ac hr; 
ied across V rin 


and the loops of the small intestine were kinked and_ bric 


The loops, which were easily accessible, were freed, and the abdomet 


with a drain. Twelve hours later, the patient was moribund. The abdor 


was markedly distended and rigid. The patient had excruciating pains, a pulse 
rate of 180 and a temperature of 96.8 F.: she was vomiting brown flu I 


fecal odor. A Rehfuss tube was passed into the stomach, and 600 c br 
foul-odored fluid was aspirated. The stomach was washed and aspirated ever 


half hour with dextrose and saline solutions. The intravenous administrati 


40 cc. of a 50 per cent solution of dextrose with 20 units of insulin hypodermicall 


was followed by 75 cc. of a 10 per cent solution of sodium chloride given intra 


enously. The patient was symptomatically 


treatment was completed. The dextrose, insulin and chlorides were g 


eight hours for the next twenty-four hours. The patient made a c mplete recover 
When, seen recently, she was feeling entirely well. This case is ¢ peciall 
nteresting, since clinically the condition seemed to be a pneumococcic perit 


with recovery 
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Casrt 2.—A boy, aged 12 years, weighing 75 pounds (34 Kg.), was operated 
on tor appendicitis. The appendix was purulent and showed beginning gangrene, 
but there was no perforation. Due to adhesions, a purse-string suture could not 
be used and the appendix was merely ligated and excised at the base. Immediately 
after the operation the condition was satisfactory, but in about forty-eight hours 
the patient began to have excruciating abdominal pain, with visible peristaltic 
waves followed by vomiting, distention and dehydration. A Rehfuss tube was 
passed into the duodenum, and 400 cc. of brown fluid was aspirated; 1,000 cc. of 
saline solution was given by hypodermoclysis. Hourly aspirations and washings 
with saline solution and lactose were given. Three intravenous doses of 25 cc. of 
a 50 per cent solution of dextrose, with 10 units of insulin hypodermically, were 
given, six hours apart. The patient thereupon made a spontaneous recovery. 
I:vidently a kink in the lower ileum had formed in the adhesions, producing an 
obstruction, and had later straightened out by itself. It is our belief, however, 
that the medical treatment was responsible for tiding the patient over until the 
spontaneous recovery took place. 

Case 3.—H., a man, aged 35, weighing 145 pounds (65.8 Kg.}, was admitted 
with the questionable diagnosis of a perforated viscus. Exploratory laparotomy 
revealed a markedly distended gallbladder, which was twisted and failed to empty 
en pressure. The stomach, liver, duodenum and kidneys all appeared to be normal. 
Cholecystectomy and appendectomy were performed. Immediately after the 
operation, the condition seemed satisfactory, but six hours later there were 
severe abdominal cramps, followed by projectile vomiting and marked distention. 
A Rehfuss tube was inserted, and 700 cc. of a yellowish fluid was aspirated. 
Hourly washings, aspirations and instillations with saline solution and_ lactose 
were given. The intravenous injection of 75 cc. of dextrose with 20 units of 
insulin hypodermically was followed by 150 cc. of a 10 per cent solution of sodium 
chloride given intravenously. With the continuous hypodermoclysis of saline 
solution at the rate ef 1,500 cc. every twelve or sixteen hours, vomiting ceased 
and the distention gradually decreased until hardly any was present. Dextrose and 
chlorides were given every eight hours up to the third day. From the fifth to 
the eighth day, the patient was given a semisoft diet and retained most of what 
he ate. On the eighth day he developed severe abdominal pain with some vomiting, 
but the distention or the fecal odor to the vomitus did not return. The patient 
manifested symptoms of shock and toxemia and died on the eleventh day. Autopsy 
revealed a volvulus of the mesentery, with adhesions. A segment of the lower 
part of the ileum had pushed through the loops in the mesentery, producing a 
complete obstruction with some gangrene. This case is extremely interesting 
since at no time was there a diagnosis of organic obstruction on account of the 
atypical picture and the condition of the gallbladder at laparotomy; still, necropsy 
revealed a complete obstruction of eleven days’ duration, and the treatment had 
kept the patient alive for that length of time in spite of the obstruction. 

Case 4.—Miss G., aged 35, weighing 115 pounds (52.1 Kg.), had undergone 
hysterectomy one year before the present illness. She was taken ill with abdominal 
pain and vomiting while traveling on the train, and was admitted to the hospital 
moribund. There was an acetone odor to the breath and 3 plus acetone in the 
urine; the pulse rate was 160, the respirations 45. Abdominal distention was 
present, with fecal vomiting. A Rehfuss tube was inserted, and 500 cc. of brownish 
fluid was aspirated. Hourly washings, aspirations and instillations with lactose 
and saline solution were given; 80 cc. of a 50 per cent solution of dextroge was 
administered intravenously with 20 units of insulin hypodermically, followed by 
300 cc. of a physiologic solution of sodium chloride intravenously. In six hours. 
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75 cc. of 10 per cent solution of sodium chloride was given intravenously In 
twenty-four hours, the patient was much improved, with normal breath and urine 
Treatment was continued for another twenty-four hours and a laparotomy per 
jormed. This revealed a loop of ileum caught and obstructed in an adhesion ; a twist 
in the mesentery formed a loop through which a second segment of ileum protruded 
and was obstructed like that in case 3. All who saw this patient agreed that 1 
she had undergone surgical treatment on admission the outcome, in all probability, 
would have been fatal. Because she was treated before the operation, she made 


an excellent recovery and has remained well. 


COMMENT 


Just what part the dextrose and insulin play and the mechanism of 
action are not entirely understood, and experimental work on this 
particular phase of their action is somewhat lacking. It is known that 
diuresis is promoted by this method of treatment and is desirable. It 
has also been established that the intravenous administration of dextrose 
in hypertonic solutions will withdraw fluids from the tissue cells into 
the blood stream. Metabolism, at least from a clinical point of view, 
seems to be stimulated. That the dextrose will furnish some nourishment 
and energy is definite. But even with this much established, we feel 
that there is still some mechanism unexplained which contributes to the 
efficacy of dextrose and insulin in these toxemias. There is considerable 
suggestion, from the experimental side, that there may be some fixation 
of these poisonous bodies to the cells. In the presence of insulin it is 
probably true that the dextrose is oxidized more rapidly, and the process 
may be thought of as a temporary excess of oxidation of the blood 
stream. It seems reasonable to suppose that this might play some part 
in the chemistry of individual cells which might tend to break up a link- 
ing or in some other way render the poisonous bodies free in the blood 
stream where they can subsequently be picked up and handled by 
Ringer’s solution and by the kidneys. At least this much is true: With 
the administration of dextrose and insulin, the nonprotein nitrogen inva- 
riably decreases; without it, the nonprotein nitrogen stays high. 

Several workers, especially in Europe, have claimed that after cells 
are subjected to the intravenous administration of hypertonic solutions 
of dextrose they have a different susceptibility to radiation. Cramer, 
Dickens and Dodds 2° showed that cells of normal tissue contain insulin, 
while those of malignant tissue do not. Warbung claimed that cells of 
normal tissue oxidize dextrose, while those of malignant tissue split 
dextrose to form lactic acid. These claims would indicate that the oxida 
tion of dextrose is dependent on the presence of insulin at the site of 
oxidation. If this is true, there is reason to believe that during the 
height of these toxemias the cell takes on a pathologic state in which 
the insulin at the site of oxidation is temporarily bound or rendered 


20. Cramer: Dickens and Dodds: Brit. J. Exper. Path. 7:299, 1926 
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inactive. This would also fit in with the clinical observation that dextrose 
alone does not appear to be as efficacious as when it is combined with 
insulin, 

Mueller and the Wieners *! claimed that the glycogenic function of 
the liver is increased when insulin is deposited in the skin or other 
organs. ‘This increase is absent when the insulin is given intravenously. 
They concluded that there is a parasympathetic nerve stimulation during 
the time the insulin exists as a deposit, which is independent of the 
hormone action present during the time that the insulin is in the circula- 
tion. If this is true, it is possible that subsequent to the hypodermic 
deposit of insulin, other functions of the liver, especially those of detoxi- 
cation and nitrogen metabolism, are increased. This theory would fit in 
with our clinical observation that insulin when given hypodermically 
appears to be more efficient in these toxemias than when given 
intravenously. 

Many other references in the literature contain valuable suggestions 
as to the action of dextrose and insulin, but further comment seems 
impracticable within the scope of this paper. From the present observa- 
tions, however, and the study of other work, we feel that in the action of 
dextrose and insulin in these conditions there is probably some mech- 
anism in the chemistry of individual cells which as yet has not been 
explained. 

There have been, especially recently, a group of warm advocates for 
the intravenous injection of hypertonic saline solution in cases of 
obstruction. The work was probably initiated by Haden and Orr * on 
the basis of the constant fall in chlorides; later, several other favorable 
reports appeared. 

In a careful analysis of the entire situation, however, we cannot help 
but feel that the decrease in chlorides is due to an upset in chloride 
metabolism plus the loss of chlorides in the fluid secreted into the lumen 
of the bowel and in vomiting, which has been shown to be 5 Gm. per 
liter; a possible third factor is the toxic bodies. A similar decrease in 
chlorides following cutaneous burns and a similar explanation for it 
were found by Davidson."* Lipschitz '* found secretion of chlorides 
into the lumen of the stomach after pyloric obstruction. Dragstedt and 
Luckhardt ** said that the lowered blood calcium in their cases of 
toxemia occurring after parathyroidectomy was a result of the toxemia. 
If this is true, why is it not possible that the chloride ions are in some 
way bound or linked at the expense of the blood chloride level? If such 
reasoning is correct, it is possible that a binding of the chloride ions 
could set free an excess, so to speak, of the sodium and other positive 


21. Mueller, E. F.; Wiener, H. J.. and Wiener, R. E.: Mechanism of Insulin 
Action, Arch. Int. Med. 37:512 (April) 1926. 
22. Dragstedt, L. R., and Luckhardt, A. B.: Endocrinology 8:657 (Sept.) 1924. 
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ions in the blood and thus account, in part at least, for the apparent 


alkalosis that is present. In brief, we feel that the decrease in the blood 


chlorides is a result of the toxemia and represents only one part of the 
picture. .A treatment aimed only at restoring the chloride level, while 
efficacious, is so nevertheless for only one phase of the syndrome 

This theory has been borne out in our clinical patients in whom w« 
have limited the treatment to the intravenous injection of hypertomi 
salt solution and later have added the other parts of the combined 
treatment. 

We feel that the Rehfuss tube accomplishes three things that ar 
easily explained. First, it serves as a method of at least partial drainage 
We have repeatedly aspirated as much as from 700 to 800 cc. of 
brown, foul-smelling fluid on the initial introduction of the tube, 
one hour later one-half as much as at the first aspiration, After slow 
aspiration until no more fluid returns, the stomach and the dilated bowel 
can be washed and reaspirated until the return is clear. Dragstect 


showed the value of drainage and frequent washings in cases of partia 
obstruction. 

A second use for the Rehfuss tube is to supply food and fluids. \t 
the end of each washing, from 30 to 60 ce. of fluid or dextrose solution 
can be instilled through the tube and left until the subsequent aspiration 
the following hour. In this connection an interesting and almost constant 
train of events happens. In the large majority of cases, during the first 
three or four aspirations the return will be far in excess of the amount 
instilled one hour previously, even though no fluid could be aspirated 
before the measured amount was instilled. At about the fourth or fifth 
aspiration, the amount returned will begin to be less than that instilled 
one hour previously, and this will continue until no fluid is aspirated and 
the amount of instillation can be increased. This has happened in 


patients who later have been proved, at operation, to have complet 
obstructions in the ileum. Vomiting will almost invariably cease with the 
first aspiration and washing. 

We have already discussed the relationship of the intestinal flor: 
to the formation of toxins and the ability to change the intestinal 
metabolism by diet as first shown by Kendall.** Although the Chicago 
workers 2* failed to be able to cause an aciduric flora to be retained 
the intestine following organic obstruction in a closed abdomen, we 
feel, nevertheless, that there is a possibility of more successfully accom 
plishing this if a Rehfuss tube is employed or an enterostomy done, whet 
repeated aspirations and washings are possible. We have therefore 
recently used lactose solution for instillation and aspiration ; while it has 


23. Kendall, A. I.: Gastro-Intestinal Bacteriology, Philadelphia, I 
Febiger, 1916. 


24. Cannon: Dragstedt and Dragstedt: J. Infect. Dis. 27:139 (Aug.) 192¢ 
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been possible to notice a change in the color, odor and reaction to litmus 
of the returned intestinal contents, our bacteriologic work is not yet 
complete, and we cannot report the observations at this time. 

The part played by high enterostomy, we believe, is self-explanatory 
in some respects, and in others we feel that it is as yet undetermined. 


Macrae '” gave excellent comments on the subject, including the 
technic, and his results are noteworthy. In the Rochester (New York) 
General Hospital, with which one of us (W. P. S.) has been associated, 
early high enterostomy has proved effective in many cases, especially 
with the intravenous administration of sodium chloride. We believe 
that high enterostomy has a definite place in the treatment, and in our 
clinical experience we feel that it has been a factor in saving patients 
who would not have been saved by our treatment minus this factor. It 
is certainly true that high enterostomy gives a much better and freer 
method for drainage and washing than the Rehfuss tube. Whether or 
not the admission of free air into the lumen of the intestine plays a 
definite role in the anaerobic metabolism, as suggested by Williams, we 
are unable as yet to say. 

Through the continuous vigilance in each case during its entire 
course, we have found that we are able to determine, with pronounced 
accuracy, when the patient is beginning to fail to respond to the medical 
treatment as well as expected and at the first manifestation of unfavor- 
able signs we subject him to high enterostomy, under local anesthesia. 
\We are convinced from experience that this is early enough, and we are 
just as emphatic in cautioning against waiting too long. In this respect 
we do not agree with Macrae as to enterostomy done as a routine at the 
onset of the condition. We heartily endorse, however, his opinion 
regarding the impossibility of draining the abdominal cavity by a small 
tube through an incision in the skin. We are convinced that the medical 
treatment will suffice in many of the cases, and that enterostomy will 
thus be unnecessary. However, at the first recognition, and early recog- 
nition is imperative, that the patient is beginning to lose ground under 
medical treatment, a high enterostomy should be done under local anes- 
thesia, in the middle of the night, if necessary, for we feel that delay 
at this point will counteract all that has been gained previously. After 
enterostomy has been performed, we believe that irrigations and instilla- 
tions with lactose solution are of value. 

As a brief analysis of our series as a whole, we have attempted to 
group the forty cases according to etiology. Twenty cases were due to 
paralytic or adynamic ileus and general peritonitis (not including strepto- 
cocci¢c invasion) ; ten to postoperative obstruction, either immediate or 
late; five to strangulated hernia; two to volvulus, one of which was 
strangulated; two to carcinoma of the colon, and one to hematogenous 


peritonitis, probably pneumococcice in origin. There was a mortality of 


four cases, or 10 per cent, which we feel certain is low. 
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SUMMARY AND CONCLUSIONS 

1. Both experimental and clinical evidence indicates that patients 
with the various forms of obstruction of the bowel, ileus and septic 
invasion of the peritoneum, not including streptococcic invasions, all 
have the underlying factor of toxemia related definitely to protein 
metabolism within the intestine by bacterial action. 

2. The evidence indicates that the toxemia is the primary factor 
following the initial condition, and that the symptoms and changes in 
the blood chemistry are secondary to it. 

3. In these patients the condition is usually far advanced by the time 
they reach the surgeon, and they represent a class of extremely poor 
surgical risks; if operation is performed immediately, a high mortality 
rate results. Possibly one exception to this is the cases of strangulation. 

4. We have shown a combined medical and surgical method of 
treating these patients which will tide them over until either a spon 
taneous recovery takes place or, if a laparotomy is required, they are in 
much better condition for operation; by this method the mortality is 


greatly reduced. When a diagnosis of strangulation has been made and 


immediate laparotomy is indicated, we advise giving dextrose and hyper- 
tonic saline solution intravenously just prior to the operation. 

5. The entire mechanism by which dextrose, insulin and hypertonic 
saline solution act in these cases is not yet understood. 

6. More bacteriologic investigation is indicated, which we now have 
in progress. 

7. We wish to emphasize that there are certain important details in 
each case that are based almost on intuition rather than on any 
expressible faculties, and we feel that they are of the utmost importance 
in helping one to choose just which application to make at the proper 
time. In the cases of strangulation, surgical intervention within a short 
time is indicated, but if the intravenous administration of dextrose and 
saline solution precedes the surgical measures, the patient will be a much 
better risk and, from our experience, will have a far better convalescence. 
We believe that our results will be confirmed by those who understand 
our fundamental basis thoroughly before attempting to use this method. 
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EFFECTS OF DIATHERMY TREATMENTS 
ON TEMPERATURE * 


WILHELM STENSTROM, Pu.D 
AND 
PAUL NURNBERGER, A.B. 


MINNEAPOLIS 


This investigation was carried out to determine the influence of 
routine diathermy treatments on the general temperature of the patient 
and on the temperature of the surface of the skin under and adjacent 
to the electrodes. The temperatures were measured by a thermo-electric 
method. Copper-advance couples were used. One junction was kept 
near the body temperature in a thermostat similar to the one described 
by Clark,’ with a variation less than 0.02 C. The other junction was 
placed inside a hypodermic needle and soldered to the point of the 
needle. The temperatures were determined by means of a galvanometer. 

The general temperatures of thirty-two patients receiving routine 
treatments were studied. A Victor diathermy machine was used. The 
temperature was recorded at the beginning and at the end of the treat- 
ment by placing the variable junction of the thermocouple under the 
tongue of the patient. The areas treated consisted of the knees, shoul- 
ders, ankles, feet and various parts of the back. The duration of treat- 
ment varied from fifteen to thirty minutes, the current from 375 to 1,000 
milliamperes, and the change in temperature from 0.00 to 0.85 C. The 
body temperature of most of the patients increased only about 0.10 degree. 
Patients whose temperatures were below normal at the beginning of 
treatment experienced the greatest increase. It would be expected that 
the general temperature should increase the most when large currents 
were used and when they had a relatively long path through the tissues ; 
also that the rise might be more pronounced the longer the treatment. 
No such relations were found. 

The local surface temperature of twelve patients was studied. For 
some of these patients the same area was treated on different days and 
also different areas each day. In this way, the variations in temperature 
were studied during thirty-eight treatments. In order to measure the 
change in the local surface temperature, the variable junction of the 
thermocouple was placed in contact with the skin and beneath the active 
electrode of the diathermy machine. Some measurements were also 

Submitted for publication, July 9, 1929. 
* From the Laboratory of Biophysics, University of Minnesota. 


1. Clark, Harry: The Measurement of Intravenous Temperatures, J. Exper 
Med. 35:385, 1922. 
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made to determine the relative temperature under different parts of the 
electrode and on the skin in the immediate vicinity of the electrode. 
It was found that when there was uniform contact between electrode 
and skin, the temperature increased the most under the central portion 
of the electrode and decreased slightly toward the edges of the electrode. 
Seyond the electrode the temperature increase fell off rapidly and was 
hardly measurable at a distance of 15 cm. ‘The electrodes consisted of 
telt (spongiopilin) soaked in a fairly concentrated solution of sodium 
chloride. The upper surface of the felt was attached to copper gauze 
which in turn was connected to the diathermy machine by a_ flexible 
wire. The size of the electrodes and the current used for the various 
areas were: for the ankle a 4 by 8 cm. electrode and from 400 to 500 
milliamperes current; for the knee, 6 by 10 cm. and from 500 to 1,000 
milliamperes ; for the back and shoulder, 9 by 16 em. and 1,000 milli- 


TaBLe 1.—Effect of One Diathermy Treatment 


Temper- Temper 
Minutes ature, C. Minutes ature, C. Minutes 


0 34.7 § 74 


* Position of electrodes in front and rear of right shoulder; position of therm 
midpoint of electrode in rear of right shoulder; area treated, 9 by 16 cm., with a 
1,00 milliamperes. 


amperes. The current was applied for from thirty to thirty-five minutes 
in all treatments referred to in the tables. 

Temperature readings were recorded at the beginning and at the 
end of each minute of treatment. Charts 1 and 2 are typical graphs 
obtained by plotting the temperature as a function of the duration of 
treatment. Table 1 gives a detailed record of the effect of one tre: 
thirty 


t\ 


ment on the temperature. Table 2 gives a summary of the 
treatments. 


The figures show clearly that the temperature increases rapidly at the 


beginning of the treatment, then more slowly, reaching a maximum 
from fifteen to thirty minutes after the beginning of the treatment. -\s 
a rule, it then falls off slightly and soon reaches a constant value 
was interesting to note that the patient usually started to perspire 
the time the maximum temperature was registered. Evidently the cool 
ing effects due to increased circulation of the blood, perspiration and 
radiation, balanced the heat transferred by the electric current when 


the constant temperature was reached. From table 2, it can be seen 
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emperatur 
ature, ¢ 
11.4) 
1 35.0 13 40.2 po 40.8 
2 35.4 l4 40.5 26 40.8 
3 36.0 15 40.7 27 4.7 
4 86.5 16 40.9 oN 40.7 
5 37.2 17 41.0 2 40.6 
6 37.8 Is 41.0 uw) 40.6 
7 38.2 19 41.0 31 40.6 
8 3.9 20 41.5 32 40.5 ; 
9 39.0 21 41.5 i 40.5 
10 39.1 2 41.0 34 40.5 
11 23 41.0 > 
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Chart 1—Typical graph obtained by plotting the temperature as a function 


f the duration of treatment. 


| | 
| 


= ‘ony 
29200909000, 


AN 
N 


w 


Degrees cenligrade 


} | 


2 4 6 8 10 12 14 6 18 20 22 24 2 2 30 32 54 56 


Time in minutes 


Chart 2—Typical graph obtained by plotting the temperature as a function 
of the duration of treatment. The white circles indicate the first treatment, the 
white circles within the white circles indicate the second treatment, the black 
circles within the white circles, the third treatment, and the x’s, the average 


treatment. 
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that when other factors are about the same, the skin area is heated to 
a higher temperature when its initial temperature is low than when its 
initial temperature is higher. This is easy to understand when it is con- 
sidered that the heat transfer depends on the circulation. The weaker 
the circulation in the neighborhood the less heat is carried to a surtace 
originally below body temperature and the less heat is carried away from 
a surface heated above body temperature. 


Taste 2—Summary of Thirty-Eight Treatments 


Minute of 

Temperature, C Maxi 

Current, mum 
Milli Maxi Temper- 

Patient Loeation Final mum * ature 


B. Right shoulder ... 5 
8. Right ankle .... 20.5 32. Ry 
M. S. Right ankle .. 2 29.2 29.6 
Left ankle .... 400 %.3 3 38.3 
S. Left ankle .... 400 § 
Right knee 
Right knee 
Right knee 
Right knee 
Right knee 
Right knee 
knee .. 
knee .. 
knee .... 
knee 
knee 
knee 
knee 
knee 
knee .... 
knee 
knee 
knee 
knee 
knee 
knee 
knee 
knee 
Left knee 
Left knee 
Right ankle 
Right ankle 


ZAZA 


~ 


CONCLUSIONS 

1. The center of the electrode is the point of highest temperature. 

2. The diathermy treatments given produced little effect on the gen- 
eral temperature of patients whose general temperatures are normal 
at the beginning of the treatment. 

3. In most cases observed, a maximum surface temperature was 
reached between the twentieth and thirtieth minute of treatment. 

4. An area having a relatively low surface temperature at the begin- 
ning of treatment undergoes a greater increase in temperature than 
does one having a more normal temperature at the beginning of the 
treatment. 


Treat- 
ment 
No. 
1 
1 
1 
1 
1 
4 
1 
1 
2 
1 
1 
1 
1 
2 
l M Back .. 000 32.4 aD $1.0 ; 13 
3 M. 1,000 33.4 10.5 64 
1 M. ee 1,000 33.7 W.7 41.0 7.3 22 
M. 1,000 33.7 40.9 41.2 7.5 


MENINGO-ENCEPHALITIS DUE TO TORULA 
HISTOLYTICA * 


WILLARD J. STONE, M.D. 
AND 
B: F. STURDIVANT, SD: 


PASADENA, CALIF, 


The literature on the comparatively rare condition called meningo- 
encephalitis contains descriptions of eighteen authentic cases of Torula 
infection. The subject was thoroughly reviewed in 1916 by Stoddard 
and Cutler,’ in 1924 by Sheppe ? and in 1925 by Shapiro and Neal.* .\ 
great many cases in the past must have simulated tuberculous meningitis, 
tumor of the brain or epidemic encephalitis. The cases shown in 
table 1 have been regarded as true instances of torulosis confirmed by 
culture and (or) tissue studies. An additional instance of the infection 
is added to the literature in the case herewith reported. 

Fourteen of the nineteen cases involved the central nervous system ; 
two, the central nervous system and lungs; one, the lumbar muscles and 
vertebral column ; one, the pelvic and inguinal tissues, and one, the lungs. 
All cases involving the central nervous system have resulted fatally. The 
voungest patient in the series was 13 vears and the oldest 57. The cases 
have been widely distributed. Including the patient whose case is 
reported, seven of the nineteen patients were from California.* 


* Submitted for publication, April 29, 1929. 

* Read before the Los Angeles County Medical Association, April 18, 1929. 

1. Stoddard, J. L., and Cutler, FE. C.: Monogr. Rockefeller Inst. Me 
Research, 1916, no. 6. 

2. Sheppe, W. M.: Am. J. M. Sc. 167:91, 1924. 

3. Shapiro, L. L., and Neal, J. B.: Torula Meningitis, Arch. Neurol. & 
Psychiat. 13:174 (Feb.) 1€25. 

4. To these eighteen cases should possibly be added the case reported by 
G. H. Hansmann (Boston M. & S. J. 190:917, 1624) in which tuberculous 
meningitis was considered the cause of death at autopsy of a man, aged 45. 


Subsequent microscopic examination of sections from the meninges showed an 
organizing exudate characterized by newly formed fibrous tissue which contained 
many giant, endothelial, lymphoid and plasma cells, and areas of necrosis. In 
the lesion, yeastlike organisms were found, many of which were included in 
giant cells. It was mentioned that the necrotic areas contained many _poly- 
morphonuclear leukocytes. In oidiomycosis polymorphonuclear leukocytes are 
commonly found in the exudate. In torulosis such observations are uncommon. 
Cultural studies were not made. Likewise, the case reported by C. A McKendree 
and L. H. Cornwall (Meningo-Encephalitis Due to Torula, Arch. Neurol. & 
Psychiat. 16:167 [Aug.] 1926) should probably be included because of the clinical 
and microscopic observations. Their patient was a woman, aged 50. Yeastlike 


STONE-STURDIV ANT—MENINGO-ENCEPHALITIS 


CLASSIFICATION OF THE BLASTOMYCETES 

Torula, Oidium and Monilia have been classified as fungi imperfecti 
under the group Blastomycetes. These organisms include Monilia 
psilosis, believed by Ashford to bear an etiologic relation to sprue; 
Oidium, identified by Gilchrist ® as a cause of parasitic dermatitis ; 
Oidium albicans present in the parasitic stomatitis known as thrush, as 
well as other varieties of Oidia present in systemic invasions, and 7 orula 
(table 2). 

Stoddard and Cutler were the first to differentiate the lesions pro- 
duced by Torulae and Oidia. These organisms differ from the true 
yeasts (Saccharomyces) in the constant absence of endospore production 
and their more marked pathogenicity for animals. Stoddard and Cutler 
have stated that the true yeasts are but feebly pathogenic for animals, 
and that to 1916 there were but two authentic infections in man, both of 
which included lesions of the skin. It is possible that some of the cases 
reported by Breed * were instances of such infection. The organism 
which was identified by her as Saccharomycete was pathogenic for mice, 


rabbits, guinea-pigs and monkeys. The organism was*obtained from the 


sputum of two patients with obscure conditions of the lungs. 
The first spontaneous case of torula infection was described by 
Frothingham * in 1902 and occurred in a horse. Torulae are widely 


cells were found in the spinal fluid, but were at first believed to be a contamination 
\ second specimen of spinal fluid was not obtained as the patient left the hospital. 
The duration of the illness was about seven and one-half months. Only the brain 
was examined after death. Their studies led to the conclusion that the cause of 
death was a progressive meningo-encephalitis due to Torula. To these cases 
should be added the one reported by B. Z. Rappaport and B. Kaplan (Generalized 
Torula Mycosis, Arch. Path. 1:720 [May] 1926). Their patient was a man, 
aged 54, whose illness covered a period of from four to six months. Four spinal 
fluid cultures contained yeastlike organisms. Four blood cultures likewise con- 
tained pure cultures of similar organisms. Cultures from the nasopharynx and 
from an indurated crusted papule on the forehead also contained the same yeast- 
like organisms. At autopsy lesions were found in the central nervous system 
and lung. They concluded that the meningitis due to Torula possibly originated 
from a sphenoidal sinusitis which was followed by a generalized torulosis including 
many organs. After the death of the patient, they obtained, in addition, cultures 
of oidium-like organisms from the spinal fluid, the sphenoid sinus, the temporal 
fossa, the suprarenals, from an abscess in a pulmonary lobe and from the bone 
marrow. Repeated attempts to isolate torula organisms were made without success. 
They have suggested the possibility that the postmortem strains were mutation 
strains of those found before death, or that the postmortem strains overgrew 
the antemortem organisms. 

5. Gilchrist, T. C.: Johns Hopkins Hosp. Rep. 1:269, 1896, 

6. Breed, L. M.: Further Observations with a Saccharomyces, J. A. M. A 
61:472 (Aug. 16) 1913. 

7. Frothingham, L.: J. M. Research 8:31, 1902. 
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distributed in nature. They have been found in the earth, in the nests 
of insects and on trees and fruits. A number of varieties have been 
described. Torulae multiply by budding, and do not produce endospores, 


Taste 1.—True Instances of Torulosis 


Number Organs Diag- Duration of 
of Chiefly nosis Disease, 
Cases Sex Age Race Involved Made Months’ Result 
Von Hansemann: Verbandl. 1 M 18 German Central Post- ree Fatal 
d. deutsch. path. Gessel- nervous mortem 
Isch. 93 21, 1906 system 
Tiirck, W.: Arch f. klin. 1 F 43 Austrian Central Post- 1% Fatal 
Med. 90: 335, 1907 nervous mortem 
system 
Brewer, G. FE., and Wood, 1 M 2 Russian Abscess By cul- 5 Recovered 
F. C.: Ann. Surg. 48: (New York) of lumbar ture 
S80, 1908 musele and 


vertebral 
column 


Rusk, G. Y.: Univ. Calif. 1 M 57 German Central Post- About Fatal 
Pub. Path. 23:47, 1912 (California) nervous mortem 10 
system 
Rusk, G. Y.: Univ. Calif. 1 ay ie German Central Post- 1 Fatal 
Pub. Path. 2347, 1912 (California) nervous mortem 
system 
Stoddard and Cutler! 1 F 42 American Central Post- 3% Fatal 


(Florida) nervous mortem 
system 


Stoddard and Cutler! 1 M 39 American Central Post- 3 Fatal 
(Massachu- nervous mortem 
setts) system 
Pierson, P. H.: J. A. M. A 1 M 7 American Central Post- 1% Fatal 
6922179 (Dee. 29) 1917 (California) nervous mortem 
System 
Evans, N.: California State 1 M 13 Mexican  —- Central Ante- 14% Fatal 
J. Med. 203 383, 1922 (California) nervous mortem 
system 
Evans, N.: California State 1 F 20 Mexican Central Ante- 24 Fatal 
J. Med. 203 383, 1922 (California) nervous mortem 
system 
Bettin, M. F.: California & 1 F 40 American Central Ante- 1% Fatal 
Vest. Med. 22:98, 1924 (California) nervous mortem 
system 
Freeman, W., and Weid- 1 M 39 American Central Ante 4 Fatal 
man, F.: Arch Neurol. & (Pennsy! nervous mortem 
Psychiat. 92 (May) 1923 Vania) system 
M is American Lungs Post- 6 Fatal 
(Virginia) mortem 
Shapiro and Neal 1 M 16 American Central Ante- 7 
(New York) nervous inortem 
system 
McGehee, J. L., and Miechel- 1 F 26 Afriean Inguinal By eul- 14 Recovered 
son, I. D.: Surg. Gynec. (Tennessee) abscess ture 
Obst. 42 2 808, 1926 
Lynch, F. B., and Rose, E.: 1 M 46 = Jewish Central Ante- 5 Fatal 
Am. J. Clin. Med. 4 755, (Pennsyl- nervous mortem 
1926 vania) system 
Hall, G. W.; Hirsch, E. F., 1 M 38 American Central Ante- 1 Fatal 
and Mock, H.: Arch. (Illinois) nervous mortem 
Neurol. & Psychiat. 193 system 
689 (April) 1928 
Hirsch, EF. F., and Cole- 1 F 30 African Lungs; Ante- a Fatal 
man, G. H.: J. A. M. A. (Illinois) central mortem 
923437 (Feb. 9) 1929 nervous 
system 


fermentation of the sugars or mycelia in tissue or in culture. Oidia 
likewise multiply by budding and do not produce endospores, but they 
do produce fermentation of the sugars, and mycelia are developed in 
culture. The staining characteristics have been described as follows: 
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/orula cells stain diffusely with methylene blue (methylthionine chloride, 
U.S. P.) or hematoxylin, while oidia cells are not readily stained by these 
dyes. The cell products of Torula are of gelatinous consistency and the 
exudate partakes of this quality. It was this characteristic that prompted 
Stoddard and Cutler to suggest the name Torula histolytica. 

It is safe to conclude that cultural criteria have not been followed in 
many cases reported as systemic blastomycosis, with the result that some 
of the instances so reported may have been due to Torula. It may be 
more academic than useful to attempt such differentiation in a compara- 
tively rare condition. In the interest of accurate nomenclature it will be 
of value if differentiation by culture studies is used in future reports, at 
least until more information is available. Such differentiation may not 
always be possible, as happened in the case described by Rappaport and 
Kaplan. More than forty cases of systemic blastomycosis, or oidio- 


2.—Classification of the Blastomycetes * 


{Schizomycetes  \Bacteriaceae 
\(fission fungi) (bacteria) 
| Saccharomyces 
Fungi ; {Phycomycetes {Ascomycetes }(true yeasts) | Endospore 
| |(algal fungi) | | Coceidioides {formation 
| Fumycetes | \immitis 
|(true fungi) |Mycomycetes | Basidiomycetes 
{(blastomycetes) | {Torula ] 
| Fungi imper- | Oidium |No endospore 
| fecti | Monilia | formation 
Dematium 


* This classification has been slightly modified from that given by Sheppe, which was 


based on the publications of Klécker (Fermentative Organisms, New York, Longmans, Green 
& Co., 1908) and Weis (J. M. Research 7 3280, 1902), with modifications suggested by I. F. 
Lewis of the Department of Biology, University of Virginia. 


mycosis, have been reported. Many more instances of local cutaneous 
lesions produced by Oidia have been reported. These include the cases 
described by Eisendrath and Ormsby,* Krost, Moes and Stober,” 
Bechtel and LeCount,’” Riley and LeCount,'' Lewison and Jackson,'* 


Mvers and Stober ** and Wilhelm)."* 


8. Eisendrath, D. N., and Ormsby, O. S.: A Case of Systemic Blastomycosis, 
with Blastomycetes in the Sputum, J. A. M. A. 45:1045 (Oct. 7) 1905. 

9. Krost, R. A.; Moes, M. J., and Stober, A. M.: A Case of Systemic Blasto- 
mycosis, J. A. M. A. 50:184 (Jan. 18) 1908. 

10. Bechtel, R. E., and LeCount, E. R.: A Case of Systemic Blastomycosis 
with Necropsy, Arch. Int. Med. 13:609 (April) 1914. 

11. Riley, F. B., and LeCount, E. R.: A Case of Systemic Blastomycosis, 
Arch. Int. Med. 13:614 (April) 1914. 

12. Lewison, M., and Jackson, H.: 
Int. Med. 13:575 (April) 1914. 

13. Myers, H. J., and Stober, A. M.: A Case of Systemic Blastomycosis, 
Arch. Int. Med. 13:585 (April) 1914. 

14. Wilhelmj, C. M.: Am. J. M. Se. 167:91, 1924. 


A Case of Systemic Blastomycosis, Arch. 


209 


564 ARCHIVES OF INTERNAL MEDICINE 


CLINICAL ASPECTS OF TORULOSIS AND OIDIOMYCOSIS 


Aside from the cultural differences, oidiomycosis has been found to 
differ clinically from torulosis in several ways which are not always 
characteristic. In torulosis the organisms have been found to have 
predilection for the central nervous system and lungs, although the liver, 
spleen and kidneys may also be affected. The skin or bones have rarely 
heen involved. The clinical course has been characterized by chronicity 
with moderate fever and slight leukocytosis. Pathologically, nodules 
composed of giant and epithelioid or lymphoid cells have been found. 
Polymorphonuclear leukocytes have not been found in the nodules or the 
exudate. When caseation has been found, it has been believed to have 
resulted from the lytic action of the organisms or their products. 
Torula infection has shown marked pathogenicity for mice and rats, 
while rabbits, guinea-pigs and dogs have been only slightly susceptible. 
When intraperitoneal injections are made into animals, the lesions have 
been found to involve the meninges and brain, lungs. liver and spleen. 
The peritoneum has been but slightly involved. No known therapeutic 
agent has been found of value in treatment. 

In oidiomycosis the lesions have been found to involve the skin and 
hones, but they may involve all organs. The lesions have been found 
to consist of nodules with or without caseation and of superficial or deep 
abscesses which contained many polymorphonuclear leukocytes. The cell 
products or exudate does not partake of a gelatinous consistency. The 
organism has been found but slightly pathogenic for all experimental 
animals. When intraperitoneal inoculation has been made, a marked 
local peritoneal reaction has occurred. While other organs may be 
involved, the central nervous system has usually been spared. The 
iodides have been found of value in treatment. 


REPORT OF CASE 


History.—H. S. McG., a surgeon on the staff of the Pasadena Hospital, aged 
51, consulted Dr. Roy R. Miller on Jan. 10, 1929, because of intermittent headache 
oft about one week’s duration. In 1920, he had an attack of right frontal sinusitis 
which was relieved by an intranasal operation. At the time of examination there 
was no fever, and the pulse rate was 64. In the region of the right middle meatus, 
scar tissue was evident from the earlier removal of the anterior portion of the 
middle turbinate. In the left nares a small polyp arising from an anterior ethmoid 
cell was seen beneath the middle turbinate. Farther back between the middle 
turbinate and the septum was a larger polyp which obstructed the view of the 
anterior sphenoidal wall. The frontal sinuses and antrums transilluminated well. 
The roentgenologic interpretation of films of the nasal sinuses pointed to the 
presence of a chronic infection of the left ethmoid sinus and the right maxillary 
sinus (Dr. Carl Parker). The lower second bicuspid was a nonvital tooth, but 
the roentgenograms revealed no recognizable changes at the apex, and it was 
believed that the teeth were not a probable source of infection. The urine was 


normal. On January 17, with the patient under local anesthesia, the two polyps in 


| 
| 
| 
| 
| 
| 


STONE-STURDIV ANT—MENINGO-ENCEPHALITIS 505 


the left nares were removed. Examinations with the nasopharyngoscope revealed 
that the larger polyp originated in a posterior ethmoid cell. The left anterior 
sphenoidal wall appeared normal, as did also the right posterior ethmoid area 
and the right sphenoidal wall. The ocular fundi were normal. The headache 
was not relieved by the removal of the polyps 

Examination—The patient was examined by Dr. Stone on January 22. The 
headache was occipital and intermittent. There was an absence of rigidity of 
the neck, nausea and Kernig’s sign. The temperature was normal. A faint trace 
of albumin was present in the urine. The leukocyte count was 7,850 per cubic 
millimeter, of which 67 per cent were polymorphonuclear cells. The blood pressure 
was 145 systolic and 90 diastolic, and the heart tones and rhythm were normal. 
The heart rate was 64. The pupils were slightly larger than normal, but reacted 
to light and in accommodation. The fundi were normal. During the next w eek, 
he complained of more or less constant pain in the lower cervical and dorsal spine, 
and slight fever (from 69.6 to 100.2 F.) occurred on two or three occasions 
Roentgenograms of the spine showed chronic hypertrophic arthritis of the dorsal 
vertebrae (Dr. John Chapman). On January 24, the chemical analysis of the 
blood showed nonprotein nitrogen, 40 mg.; creatinine, 1.3 mg., and sugar, 125 
mg. per hundred cubic centimeters. Examination of the blood showed: hemo- 
globin, 85 per cent (Hellige) ; red cells, 6,096,000, and leukocytes 11,800 per cubic 
millimeter; the polymorphonuclear cells numbered 78 per cent, and the lympho 
cytes, 16 per cent. On January 29, the urinalysis showed that the urine was 
normal, and the leukocytes numbered 10,600 per cubic millimeter. Examination 
of the lungs revealed no gross changes. On January 30, the neck became slightly 
rigid, the right pupil was slightly dilated, Kernig’s sign was positive and the right 
patellar reflex was absent. Dr. William Edler detected paresis of the left facial 
muscles, and the abdominal and cremasteric reflexes were diminished. 

Course of Illness—The patient entered the hospital on January 31, and a 
tentative diagnosis of encephalitis or meningitis type undetermined was made. At 
the time of admission, the blood count showed: hemoglobin, 83 per cent (New 
comer) ; red cells, 4,450,000; leukocytes, 8,500 per cubic millimeter, and polymor 
phonuclear cells, 68 per cent. The spinal fluid was under increased tension (from 
plus 20 to 22 mm. of mercury) and showed an average cell count of 300 per cubic 
millimeter, of which 97 per cent were reported as lymphocytes. The spinal fluid 
showed a heavy trace of globulin; the sugar content was 27.2 mg. per hundred 
cubic centimeters, and the Wassermann reaction was negative. The smear 
revealed numerous budding cells resembling Torula. 

During his first week in the hospital, the patient complained of pain in the head 
and neck. He was irrational at times, but was able to take food. There was no 
nausea or vomiting. The temperature varied between 98.6 and 101 F. and_ the 
pulse rate from 68 to 80. He complained of dimness of vision on the third day in 
the hospital. Lumbar puncture was done twice daily, for purposes of drainage, 
in amounts varying from 30 to 50 cc. during his three weeks in the hospital. All 
specimens contained Torulae. The fluid was slightly turbid. The pupils were 
widely dilated at intervals and he did not recognize light, although he recognized 
the voices of his family and friends. Dr. Miller’s examination revealed absence of 
paresis of the external eye muscles. The retinal veins were moderately distended, 
but no definite blurring of the borders of the disks was evident. Nasal cultures 
showed Staphylococcus aureus and albus. The blood cultures were negative after 
seventy-two hours’ incubation. Involuntary evacuations of the bladder and rectum 
occurred, The leukocyte count was 12,000 per cubic millimeter five days after 


admission, and the polymorphonucler cells numbered 82 per cent. 
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During the second week in the hospital, the patient was more stuporous. The 
pupils became smaller and he was less restless after the lumbar punctures. Pro- 
fuse perspiration occurred at intervals. Weakness of the right hand was evident. 
The pulse rate gradually increased from 100 to 120 per minute. The temperature 
varied between 101 and 102 F. 

During the third week in the hospital, hiccupping occurred more or less con- 
stantly for six days. The rigidity of the neck was marked but opisthotonos was 
absent. The coma became deeper, the respirations increased to 60 per minute, the 
rectal temperature rose to 108 F., and death occurred on February 21, 1929. The 
total duration of the illness, which began with headache about January 6, was 
seven and one-half weeks. 

Treatment.—It was suggested by Dr. Carl Rand that hexamethylenamin 
administered intravenously be given therapeutic trial. He had used the drug 
extensively in his surgical service at the Los Angeles General Hospital in the 
treatment for meningitis following fractures of the skull. It was given intra- 
venously in doses of 2 Gm., usually three times daily, for thirty-one doses, or a 
total of 62 Gm. Tests of the spinal fluid for the presence of formaldehyde were 
made daily, with the use of the phloroglucin reagent.” Of twenty-four specimens 
of spinal fluid so examined, formaldehyde was found in four. The Torula cells 
appeared to diminish in number in the spinal fluid, but were never absent. The 
use of the reagent was attended by severe discomfort of the bladder and strangury 
at times. It appeared to have no effect on the progress of the infection. 

Ixperiments were performed with gold sodium thiosulphate, which was added 
in a dilution of 1: 2,000,000 to a proved culture of Torula in broth, and to a cul- 
ture of Torula in broth obtained from the spinal fluid of the patient. At the end 
of twenty-four hours, examination showed an average of one budding cell to a 
high power field, while in the control tubes, without gold sodium thiosulphate, an 
average of ten budding cells was seen per high power field. Because of its 
apparent inhibitory action on Tornla in vitro, gold sodium thiosulphate in four 
doses, of from 40 to 50 mg. each dissolved in 5 cc. of sterile distilled water, was 
given intravenously at intervals of three days. A positive reaction for a gold 
compound was obtained in the blood twelve hours after the intravenous injections, 
and the spinal fluid was tinged yellow. The spinal fluid on only one occasion 
gave a strong positive reaction for the gold compound. 

Following the suggestion of Dr. H. P. Jacobson of Los Angeles, who had used 
colloidal copper in the treatment for coccidiodal granuloma, experiments were also 
performed with colloidal copper, iodized poppy-seed oil and ethyl diiodobrassidate 
lipoiodine ciba. The inhibitory action of the colloidal copper, in dilutions from 
1: 500,000 to 1: 2,000,000 added to broth cultures, was negligible. Torulae seemed 
to grow as well in dilutions of colloidal copper as in plain broth. Definite inhibi- 
tion occurred in the dextrose broth cultures to which iodized oil had been added. 
In control broth cultures, the growth was approximately fifty times more profuse 
after forty-eight hours than in iodized oil. Cultures made in ethyl diiodobrassidate 
showed marked inhibition of growth. Cultures made in ethyl diiodobrassidate 
plus broth were unsatisfactory, since the ethyl diiodobrassidate did not mix well 
with the mediums. 


15. Phloroglucin, chemically pure, 1; sodium hydrate, chemically pure, 20; dis- 
tilled water, sufficient to make 100 cc. The test was performed as follows: 5 ce. 
of spinal fluid was placed in a tube and 1 cc. of the reagent was placed by a pipet 
so as to form a zone of contact beneath the spinal fluid. A purple tinge changing 


to pink indicated the presence of formaldehyde. 
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The following roentgen experiments were performed by Dr. John Chapman 
of the x-ray department of the Pasadena Hospital. Two cultures of Terula, one 


freshly inoculated in spinal fluid and one twenty-four hours old in dextrose broth, 
were placed inside of a skull and surrounded by bags of a density approximating 


that of soft tissue. Exposures to the roentgen rays approximating a one-fourth 


erythema dose were given as follows: 200 kilovolts, 30 milliamperes, through 


0.5 mm. of copper; 1 mm. of aluminum and 2 cm. of wood as filters, distance 


80 cm., time eight minutes. The roentgen exposures had an apparent inhibitory 
action on the growth of the Toru/a cultures at the end of eighteen hours, and 
transplants showed no growth after twenty-four, forty-eight and seventy-two 
hours. On February 10, the patient received deep roentgen therapy over the 


posterior surface of the head, with the dosage mentioned, for eight minutes. On 
ebruary 11 the same treatment was given over the cervical and the dorsal spine 


The following experiments were performed with gentian violet because of its 
known inhibitory effects on other gram-positive organisms. Ina dilution of 1: 25,000, 


very noticeable inhibition of Torula growth was evident in eighteen hours. 
At the end of seventy-two hours, moderate inhibition of growth was evident in 


Taste 3.—Fermentation Reactions 


known Culture, Torula histolytica* 


Culture Under Investigation 


Fading to Fading to 

Acid No Acid Gas Acid No Acid Gas 
Lactose....... . No No No No No No 
Saccharose.. Yes Yes No No No No 
Maltose....... : Yes No No No No No 
Mannite...... Yes Yes No No No No 
Dextrose...... ; Yes Yes No Yes No No 
Galactose..... 3 Yes Yes No Yes Yes No 


* The known culture of Torula histolytica, isolated from a case of torula meningitis in 
1920 (Evans: California State J. Med. 203 383, 1922), was obtained from the American Type 
Culture Collection, John MeCormick Institute for Infectious Diseases, Chicago. 


the culture which contained gentian violet in a dilution of 1: 50,000. On February 
16, an injection of 20 cc. of gentian violet solution (0.5 per cent) was given intra- 
venously. On February 17, after spinal drainage, 0.5 ce. of 1 per cent gentian 
violet solution was mixed with 10 cc. of spinal fluid and allowed to flow into the 
spinal canal by gravity. Eight hours later, after spinal drainage, 1 cc. of 1 per 
cent gentian violet solution was mixed with 10 ce. of spinal fluid and allowed to 
flow in by gravity. On February 18 and 19, the same procedure was followed, 
1.5 cc. of 1 per cent gentian violet solution mixed with 10 ce. of spinal fluid 
being used. There was no marked diminution of Jorulae in the spinal fluid 


withdrawn after these treatments. 


Cultural Characteristics —Primary cultures of the yeastlike organisms obtained 
on numerous occasions from the spinal fluid grew well on all culture mediums 
The best growth was obtained on Loeffler’s blood serum and in 1 per cent dextrose 
broth. The growth was present in from thirty-six to forty-eight hours, and 


appeared on solid mediums as fine, white, granular and slightly raised colonies 
which coalesced and produced a light yellow pigmentation. A growth was 
obtained at both 37 C. and at room temperature. The best results were obtained 


by starting the growth in the incubator for from four to six hours and then by 


removing it from incubator to room temperature. In the tubes of dextrose broth, 
the growth occurred at the bottom of the tube, and later appeared as a scumlike 


growth on the surface of the broth. 
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Morphologic Characteristics —The organism was round, with a cell wall of 
single or double contour, the internal protoplasmatic mass frequently being 
granular. Reproduction occurred by budding, which often took place in chains of 
from four to six buds. No definite mycelium was produced, but in old cultures 
hypha-like tube buds were frequently found. No ascospores were demonstrated. 


Fig. 1.—Cut section of consolidated area at the apex of the right lung. 


Staining and Fermentation Properties—The organism stained readily with all 
the usual stains, and was consistently gram-positive. The organism produced acid 
but no gas on dextrose, galactose and levulose, the acid fading to no acid on 
galactose. Lactose, saccharose, maltose and mannite showed no changes (table 3). 

Classification—The organism was identified as Torula histolytica (Stoddard 


and Cutler) or by Castellani’s classification as Cryptococcus histolytica. 
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Autopsy Observations.—The calvarium was normal. The brain was removed 
and hardened in 4 per cent formaldehyde solution. The dura was adherent by 
tine, reddish, granular and dense fibrinous adhesions. The vessels were moderatels 
injected and over the base and cerebellum were stained a light purple. <A thin, 
white, granular exudate covered the entire surface of the brain and infiltrated 
the pia-arachnoid. At the base of the left temporal lobe an irregularly shaped 
excavation due to destruction of the cortex was seen. The area measured 3 by 
2.6 by 1 cm. in depth and had a grayish-white granular base. The convolutions 
were flattened. The brain substance was edematous, and the vessels were injected 
Frontal sections of the brain showed the ventricles to be normal in size and 


appearance. An opening was made into the posterior nasal cavity after removal 


Fig. 2.—Torula cells, unstained; 550, 


of the sella turcica. The mucous membranes of the sinuses were slightly thickened 
and injected, and a sphenoid polyposis was present. 

The left lung showed edema of the upper lobe and hypostasis of the lower 
lobe. The pleural cavity contained no fluid. The right pleural cavity contained 
no fluid. The right lung showed an area of consolidation involving about one 
third of the upper lobe. The visceral pleura over the lung was smooth, except 
for a few small adhesive bands at the apex. On section, the consolidated portion 
Was firm in consistency and of grayish-white granular appearance. The con 
solidated portion resembled a tumor because of its circumscribed and well defined 
outline. Smears from the cut section of this area of consolidation showed 
numerous gram-positive yeastlike organisms, some of which were budding. The 
lower lobe of the right lung showed marked passive congestion with early hypo 
static pneumonia. 
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The pericardial sac contained the normal amount of fluid. The heart was 
normal in size. On the anterior surface of the right ventricle was an irregular 
white scar which measured about 2 cm. in diameter. The walls of the right 
ventricle were thin and dilated, while the musculature of the left ventricle showed 
moderate brown atrophy. The left and right coronary arteries were moderately 
sclerosed but patent. The heart valves were normal except the mitral valve which 
was thickened, deformed and scarred. The thoracic .aorta showed moderate 
arteriosclerotic thickening. The abdominal aorta and common iliac arteries 
showed marked sclerosis. 

The liver was normal in size and showed chronic passive congestion. The 
gallbladder contained one calculus which measured 2 cm. in diameter. The 
walls were thickened, the mucosa was of the cholesteratosis type, and the ducts 
were patent. The pancreas was soft and apparently normal. The spleen was 
normal in size; the capsule was thickened, and on section the pulp was soft and 


Fig. 3—Budding torula cells; & 550. 


hemorrhagic. The large and small intestines were normal. The appendix was 
contracted and of the obliterative type. The left kidney was one-third larger 
than normal, and fetal lobulations were present. One congenital uriniferous cyst, 
which measured 5 cm. in diameter, was found. The capsule stripped readily, 
leaving a granular surface. The cortex and medulla were not well differentiated, 
and the cut surface had a granular appearance. The right kidney was enlarged 
and essentially the same as the left. The bladder, prostate gland, ureters and 
urethra were normal. 

The mediastinal, peritoneal, retroperitoneal and omental glands were normal. 

Anatomic Summary.—The anatomic examination revealed: (1) generalized 
leptomeningitis and pachymeningitis due to Torula; (2) encephalitis with cortical 
abscess of the left temporal lobe due to Torula; (3) sphenoid sinus polyposis; (4) 
pneumonic consolidation of the apex of the right lung due to Torula, passive 
congestion and hypostatic pneumonia of the left and right lower lobes; (5) 
chronic myocarditis with dilatation of the right ventricle and chronic mitral endo- 
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Fig. 5.—Smear from exudate from the apex of the right lung (unstained); 
x 200. 
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Fig. 4.—Torula cells stained with methylene blue; 550 . 
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carditis; (6) arteriosclerosis, especially marked in the abdominal aorta and com- 
mon iliac arteries; (7) chronic passive congestion of the liver; (8) chronic 
cholecystitis and cholelithiasis; (9) chronic splenitis with passive congestion; (10) 
fetal lobulations and congenital uriniferous cyst of the left kidney, and (11) 
chronic diffuse nephritis of arteriosclerotic type, with cloudy swelling. 

Histologic Examination.—Sections from the area of consolidation at the apex 
of the right lung showed marked fibrosis with thickened alveolar walls and areas 
of infiltration made up largely of mononuclear lymphocytes, plasma cells and giant 
cells. The alveoli were dilated and contained desquamated epithelial cells and 
numerous large multinuclear giant cells. Within the giant cells numerous gram- 
positive veastlike cells were seen, many of which were surrounded by a clear 


Fig. 6.—Torula cells in consolidated apex of the right lung; x 100. 


capsular-like zone. As many as 9 yeastlike cells could be seen in a single giant cell. 
Some of the gram-stained sections showed distinct budding of the yeastlike cells. 
Polymorphonuclear leukocytic infiltration was absent. The walls of the blood 
vessels were thickened and the lumina of the vessels were engorged with blood 
cells. There was no evidence of tuberculosis. 

Sections from the dura, pia-arachnoid and brain substance showed an inflam- 
matory process without polymorphonuclear leukocytic infiltration. The pia- 
arachnoid showed a proliferation of the endothelial cells with large multinuclear 
giant cells containing double-contoured and budding yeastlike cells. A few small 
areas of necrosis were found. Yeastlike cells were evident in all of the sections. 
The inflammatory process closely followed the infolding of the pia mater into 


250. 


Fig, 8—Torula cells in the cortical abscess of the brain: 
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Fig. 7—Torula cells in the consolidated apex of the right lung: > 250. ; 
bE: 
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the convolutions of the brain. The area of cortical destruction in the left 
temporal lobe showed marked proliferation of the endothelial cells, large giant 
cells, plasma and round cells and a great many yeastlike cells, both within and 
without the giant cells. The yeastlike cells were more numerous in this area than 
in any of the other sections. As many as twenty-one inclusions were noted in one 
large giant cell. The subcortical sections from this area showed cells which 
stained indistinctly; the blood vessels were markedly engorged and the presence 
of a few giant cells was noted. 

The sections of the kidney showed a moderate grade of chronic interstitial 
nephritis probably dependent on the arteriosclerotic changes. The glomeruli were 
injected, and the epithelia of the tubules showed marked cloudy swelling. 


Fig. 9.—Torula cells in the meningeal exudate; * 250, 


The sections of the spleen showed chronic splenitis with marked passive con- 
gestion. Those of the liver showed marked passive congestion with moderate 
fatty infiltration. 

Histologic Summary.—The histologic examination revealed: (1) pneumonic 
consolidation of the apex of the right lung with fibrosis of the alveolar walls and 
an exudative and infiltrative inflammatory reaction characterized by the presence 
of numerous giant cells with inclusions of Torul/ae and the absence of poly- 
morphonuclear leukocytes, and (2) meningo-encephalitis with localized abscess 
formation in the left temporal cortex of the brain. The inflammatory process 
was characterized by the absence of polymorphonuclear leukocytic infiltration and 
the presence of many giant cells which contained Torulae. 
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CONCLUSIONS 
1. The primary focus of Torula infection at the apex of the right 
lung may have existed for a long period as a latent infection. There 
were no clinical symptoms by which the presence of such a focus might 


he suggested. Hematogenous metastasis to the meninges appeared, 


probably followed by the relatively slow development of meningeal 


symptoms. The meningitis and encephalitis during development were 
characterized by the absence of fever, nausea, rigidity or retraction of 
the neck and by the absence of the degree of leukocytosis present in other 
infections of these tissues. 

2. The pathologic lesions in torulosis are distinctive and are char- 
acterized by the presence of numerous giant cells with inclusions of 
Torulae and by the absence of polymorphonuclear leukocytes. 

3. No form of treatment for torulosis has been found beneficial. 
Torula infection, when it occurs in man, seems to have a predilection for 
the central nervous system, and all reported cases have resulted in fatal 
termination, 

4. When possible, torulosis should be differentiated from oidio- 
mycosis with systemic invasion by culture studies, since the iodides in 
large doses have been found of value in the treatment of patients with 


oidiomycosis. 


DIABETES MELLITUS 


PATHOLOGIC CHANGES IN THE SPINAL CORD AND 
PERIPHERAL NERVES * 


HENRY W. WOLTMAN, M.D. 
AND 
RUSSELL M. WILDER, M.D. 


ROCHESTER, MINN. 


The physician who has much to do with diabetes is soon aware of the 
significance of the neurologic accompaniments of this disease. In von 
Noorden’s | experience, pain occurred in 31 per cent of all cases. In our 
cases, peripheral pain, which could not be attributed to arthritis, myo- 
sitis or trauma, has been severe enough to be recorded in about 10 per 
cent of all cases. Asa rule such pains are confined to the legs, especially 
to the calves. They are usually tolerable, but may become excruciating. 
They are usually dull, aching and constant, but may simulate the darting 
pains of tabes. They are as a rule more intense when the patient is quiet 
and in bed, but may be of the type of claudication, aggravated by exercise. 

The complaint of numbness of the feet or legs is as frequent as the 
complaint of pain in cases of diabetes. Such numbness may occur as a 
solitary symptom but is usually associated with pain. In a recent period 
of five vears we have seen 33 instances of anesthesia and 92 of pares- 
thesia among approximately 2,000 patients with diabetes. As is true of 
the pains, this anesthesia and paresthesia is, with rare exception, limited 
to the legs. 

Less common than pain or paresthesia are trophic lesions. A typical 
mal perforant was seen in ten cases of the series referred to, the lesion 
usually affecting the ball of the foot. That such a lesion is trophic in 
the sense that it owes its origin to a primary disturbance of the nervous 
system is possibly an open question; it may result from a defective 
blood supply; it rarely, if ever, occurs in other cases than in cases of 
advanced atherosclerosis. 

The skin of the feet and legs of patients with diabetes and athero- 
sclerosis is abnormally sensitive to injury, so that a degree of heat or 
cold or an exposure to the roentgen rays which would be tolerated per- 
fectly by a healthy man may produce severe and irreparable lesions. 


* Submitted for publication, May 2, 1929. 

*From the Section on Neurology and the Division of Medicine, the Mayo 
Clinic. 

1. Von Noorden, C. H.: Die Zuckerkrankheit und ihre Behandlung, Berlin, 
Julius Springer, 1927, p. 627. 
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Hatellar and tendo achillis reflexes are often absent or greatly dimin 
ished in diabetes. Borchardt * recorded these abnormalities in 37 per cent 
of all his cases. As Williamson * pointed out, the stage of the illness and 
previous care of the patient influence this percentage to a wide degree 

The skin reflexes, particularly the plantar responses, on the other 
hand, are rarely abnormal, and motor disturbances are rare. During a 
period of five years, motor weakness was recorded in only twenty-nine 
cases ; the peroneal group of muscles was atfected in most of these. 

Occasionally, but rarely, the various neurologic disturbances of dia- 
hetes are sufficiently intense and so associated in the same patient as to 
give a clinical picture that is not dissimilar to that of tabes dorsalis 
Various names have been applied under these circumstances, especially 
polyneuritis diabetica, tabes periperica diabetica and pseudotabes dia- 
betica. The condition was recognized simultaneously 1884 by 
Althaus * and Borchardt. Joslin® has observed six cases of such polvy- 
neuritis; two of the patients were addicted to alcohol. We have seen 
four cases of this condition, two of which are reported here. Von 
Noorden has observed three cases, one in a patient addicted to alcohol. 

Areflexia and the pain and paresthesia of diabetes occur commonly 
in patients who are receiving treatment and whose diabetes is thoroughly 
under control, that is, in patients who are free from either acidosis or 
glycosuria. It is important to distinguish sharply between the neuritis 
that arises in such cases and conditions encountered in patients with 
uncontrolled diabetes. In the era before insulin it was usually possible 
to prevent glycosuria, in severe cases of diabetes, only by ruthless star- 
vation. This resulted in cachexia. Also, patients whose diabetes was 
not controlled became cachectic as a result of the wasting effect of the 
disease. .\reflexia was frequently encountered then in juvenile patients 
who now, with better treatment, almost never present any neurologic 


complications. This was due in all probability to the cachexia. .\t least 


this explanation was suggested in 1922. In that vear insulin became 
available and previously cachectic patients in large numbers were 
returned to a normal state of nutrition. In many instances (all of the 
juvenile cases ), the reflexes returned with the return of the normal state 
of nutrition. 


2. Borchardt, Harold: Ueber die Veranderungen der Arterienmedia bei 
Spontangangran und ihre Beziehung zum Diabetes, Virchows Arch. f. path. Anat 
259:521, 1926. 

3. Williamson, R. T.: On the Knee-Jerks in Diabetes Mellitus, Lancet 2:138, 
1867; Diabetic “Neuritis,” Practitioner 112:85, 1924. 

4. Althaus, Julius: On Sclerosis of the Spinal Cord; Including Locomotor 
Ataxy, Spastic Spinal Paralysis and Other System-Diseases of the Spinal Cord: 
Their Pathology, Symptoms, Diagnosis and Treatment, London, Longmans, Green 
& Company, 1885, p. 278. 

5. Joslin, E. P.: The Treatment of Diabetes Mellitus, ed. 4, Philadelphia, 
Lea & Febiger, 1928, p. 998. 
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This distinction between impairment of reflexes due to cachexia in 
diabetes and areflexia, such as is observed in the cases we are reporting 
here, has not been made before. Similarly, a sharp distinction has not 
been drawn between the types of neuralgia with which we are concerned 
in this report and the pains that frequently accompany diabetic acidosis. 
Not only was it usually impossible, in the era before insulin, to prevent 
glycosuria in severe cases, but it was usually impossible to avoid ketosis. 
Patients of those days seemed to become habituated to the ketone bodies 
and would live for months and years with large concentrations of 
oxybutyric acid in the blood and urine. Diabetic acidosis, as is well 
known, produces pains. These may be of great intensity, and as they 
commonly affect the abdomen they may simulate a gastric crisis or a 
surgical emergency such as appendicitis, or they may be more diffuse 
and be felt in the back, the neck or the extremities. It is now known 
that these pains are immediately relieved when the ketosis is checked 
with insulin. It is improbable, therefore, that such impermanent pains 
represent lesions of the nerves, although it is possible that long-continued 
ketosis might give rise to toxic degeneration of the nerves. In any case, 
such pains undoubtedly have been confused in the past, particularly in 
cases of chronic ketosis, with the types of neuralgia that occur in milder 
cases of diabetes; this has introduced confusion into the discussions of 
diabetic neuritis. In this paper we are not concerned with areflexia from 
cachexia or with the pains of diabetic acidosis. Cur observations are 
limited to patients who were well nourished and whose diabetes was well 
controlled. 

HISTORICAL REVIEW 

The recent literature contains practically no reports of the histology 
of the cord and nerves in diabetes, and the older writers who established 
the current views of diabetic neuritis left relatively few descriptions that 
are entirely satisfactory. The reports of observations that many thought 
indicative of pathologic states would now be considered unwarranted or 
as reports of conditions falling within the normal range. Certain tech- 
nical aids in which we now place reliance were not at the disposal of 
some of the early writers; correlated studies of clinical symptoms and 
pathologic data were seldom obtained, and until insulin was discovered 
it was often extremely difficult to distinguish between the symptoms that 
persist after the disappearance of cachexia and acidosis and those now 
attributable to cachexia or acidosis. 

It is important also to recognize that diabetes frequently has asso- 
ciated with it other disturbances which may produce degeneration of 
nervous tissues when they occur independently; such conditions are 
alcoholism, syphilis, tuberculosis, acute infections, senility and athero- 
sclerosis. The presence of any of these in a given case of diabetes with 
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neuritis immediately raises the question as to whether the complication 
or the diabetes is responsible for any degeneration noted in the spinal 
cord or nerves. 

Brief mention of the causes to which changes found in the cord, 
roots and peripheral nerves have been attributed includes the following : 
the deleterious action of sugar, acetone, diacetic acid and unknown inter- 
mediate metabolites, dehydration, anoxemia, inanition, arteriosclerosis 
and complicating infections. Labbé and Gendron,’ Feinblatt * and others 
have reported the presence of ketone bodies in the spinal fluid, but in 
none of these cases was there a report of necropsy. Kiefer, Brigham and 
Wheeler * found large amounts of sugar in the spinal fluid, but here too 
there were no reports of necropsy. 

A few experimental studies have been made. In 1890, Auché ° 
applied a solution of sugar to the sciatic nerves of guinea-pigs, locally 
and by injection. He said that the action of the sugar was like that of 
water, and he did not believe that sugar was a cause of degeneration. 
In 1892, Kichhorst '° kept nerves of frogs and man in solutions of 
dextrose, acetone and oxybutyrie acid for several days without effect. 
Grube,"' in 1918, made reference to some earlier experiments in which 
he had observed marked neuritis after subcutaneous or intravenous 
injection of dextrose into rabbits. 

Patrick '* suggested that the neuritis seen in diabetes may be the 
result of infection to which patients with diabetes were formerly noto- 


riously susceptible. In 1879, Savory and Butlin,’’ speaking of perforat- 


6. Labbé, Marcel; and Gendron, André: Diagnostic du coma diabétique ; les 
reactions d'acidose dans le liquide céphalo-rachidien, Paris méd. 13:181, 1914 

7. Feinblatt, H. M.: Report of a Fatal Case of Juvenile Diabetic Coma with 
Insignificant Ketonuria, and with a Large Amount of Acetone in the Spinal Fluid, 
Arch. Int. Med. 34:508 (Oct.) 1924. 

8. Kiefer, E. D.: Brigham, F. G., and Wheeler, R. R.: Embolic Gangrene of 
the Extremities in Pneumonia: Report of Case Occurring in Diabetic Coma with 
an Observation on the Sugar Content of Cerebrospinal Fluid During Insulin 
Shock, Boston M. & S. 194:191, 1926. 

9. Auché, B.: Des altérations des nerfs périphériques chez les diabétiques, 
Arch. d. méd. expér. et d’anat. path. 2:635, 1860. 

10. Eichhorst, Hermann: Neuritis diabetica und thre Beziehungen zum fehl 
enden Patellarsehnenreflex, Arch. f. path. Anat. 127:1, 1892. 

11. Grube, Karl: Ueber das Verhalten der Patellarretlexe bei Diabetes mel- 
litus, Neprol. Centralbl. 12:7706, 1893; Gastrische Krisen bei Diabetes mellitus 
nebst Bemerkungen ther die Behandlung der Verdauungsst6rungen der Diabetiker, 
Miinchen. med. Wehnschr. 42:136, 1895; Ueber das Verhalten des Blutzuckers in 
Fallen von diabetischer Neuritis und Neuralgie, Deutsche Ztschr. f. Nervenh 
60: 302, 1918. 

12. Patrick, H. T., in discussion on Krauss, W. M.: Involvement of Periph 
eral Neurons in Diabetes Mellitus, Arch. Neurol. & Psychiat. 7:202 (Feb.) 1922 

13. Savory, W. S., and Butlin, H. T.: Cases of Perforating Ulcer of the Foot, 
Tr. Roy. Med. & Chir. Soc. 62:373, 1879. 
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ing ulcers, although neither of their patients had diabetes, believed that 
degeneration of the nerves, rather than vascular changes, was responsible 
for the ulcers. Kirmisson,'* in 1885, stated it as his belief that the mal 
perforant of diabetes is caused by neuritis. 

Arteriosclerosis is a common complication of the diabetes that occurs 
among middle-aged or older persons, as is generally well known. It is 
demonstrable in practically all cases with gangrene and is often the 
cause of death in the diabetes of older patients. 

Forty-two cases in which there was a pathologic description were 
reviewed from the literature. In sixteen cases there was evidence of 
degeneration of the funiculi of the cord, chiefly in the posterior column ; 
in four cases, degeneration of the intramedullary portion of the posterior 
roots was specifically mentioned ; in eight, there were variable changes in 
the cells of the anterior horn, and in twenty-four, there was degenera- 
tion in the peripheral nerves. 

The changes in the spinal cord have been interpreted differently by 
and Naunyn!‘ 
helieved that the degeneration noted was of the type known as combined 


various authors. Sandmeyer,'® Leyden and Goldscheider * 


sclerosis, first described by Lichtheim '* in association with pernicious 
anemia. Wialhamson '“ and Schweiger *" maintained that the changes in 
the posterior columns were secondary to “pluriradicular” degeneration, 
that 1s, to degeneration in the intramedullary portion of the posterior 
roots. As the degeneration was traced upward in the cord, it approached 
nearer and nearer the median line. Williamson *! presented photographs 
which showed the intramedullary portion of the posterior root in a stage 
of degeneration, and stated that the degeneration was practically absent 


14. Kirmisson, quoted by Remak, Ernest, and Flatau, Eduard: Neuritis und 
Polyneuritis, in Nothnagel, Herman: Specielle Pathologie und Therapie, Vienna, 
L16lder, 1900, vol. 11, p. 150. 

15. Sandmeyer, Wilhelm: Beitrag zur pathologischen Anatomie des Diabetes 
mellitus, Deutsches Arch. f. klin. Med. 50:381, 1892. 

16. Leyden and Goldscheider: Die Erkrankungen des Rtickenmarks und der 
Medulla oblongata, in Nothnagel, Herman: Specielle Pathologie und Therapie, 
Vienna, Hélder, 1900, vol. 10, p. 500. 

17. Naunyn, Bernard: Der Diabetes mellitus, in Nothnagel, Herman:  Spe- 
cielle Pathologie und Therapie, Vienna, Hélder, 1900, vol. 7, p. 251. 

18. Lichtheim, quoted by Sandmeyer, Wilhelm: Deutsches Arch. f. klin. Med. 
50:381, 1892. 

19. Williamson, R. T.: Changes in the Spinal Cord in Diabetes Mellitus, Brit. 
M. J. 1:122, 1904; The Symptoms Due to Peripheral Neuritis or Spinal Lesions 
in Diabetes Mellitus, Rev. Neurol. & Psychiat. 5:550, 1907; Diseases of the Spinal 
Cord, London, Frowde, Hodder and Stoughton, 1908, p. 371; footnote 3, second 
reference. 

20. Schweiger, L.: Ueber die tabiformen Verdnderungen der Hinterstrange 
bei Diabetes, Wien. med. Wehnschr. 57:1549, 1907. 

21. Williamson (footnote 19, first and third references). 
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external to the pia mater. In the opinion of Williamson *?) and 
Schweiger, the changes were like those seen in tabes, except, Schweiger 
added, that the roots were less completely involved, owing to the shorter 
duration of the diabetic changes. Kraus,?* in his study, concluded that 
clinical evidence favors the assumption that both motor and sensory 


phenomena are best explained by a lesion proximal to the juncture of the 


roots, and that Buzzard's ** case alone suggested true peripheral sensori- 
motor neuritis. The evidence for this is not convincing. 

Degeneration in the cells of the anterior horn, noted in eight cases, 
was slight, except in the two cases reported by Nonne * and Bonardi.* 
It may justly be questioned whether these changes were a consequence 
of diabetes. 

Degeneration of the peripheral nerves has been the most frequent 
observation. Charcot,?* in a delightfully written contribution, insisted 
that peripheral neuritis must be the cause of most diabetic disorders 
falling in this class. He described the gait as ““demarche de stepper.” 
and insisted that true ataxia, as seen in these patients, exists only when 


true tabes is complicated with diabetes mellitus. 


CASES REPORTED IN) TIIE LITERATURE 


Rosenstein (1885).—In a man, aged 34, with absent patellar retlexes, there 
were no changes in the spinal cord. Tuberculosis was present. 

Pryce™ (1887) —A man, aged 56, a sufferer from alcoholism, had polyuria 
of eighteen months’ duration; he had ulcers of both feet, and complained that 
his feet felt dead. The pupillary reaction to light was feeble; the patellar reflexes 
were absent, and sensation in the lower third of the legs was reduced. At necropsy, 
the posterior right tibial nerve was found embedded with an atheromatous artery 
in scar tissue. The cells in the spinal cord, particularly in the thoracic region, 
were atrophic, granular and without normal processes. In the right posterior 


22. Williamson (footnote 19, third reference ). 

23. Kraus, W. M.: The Clinical Involvement of the Peripheral Nerves in 
Diabetes Mellitus, J. Nerv. & Ment. Dis. 52:331, 1920: Involvement of the 
Peripheral Neurons in Diabetes, Arch. Neurol. & Psychiat. 7:202 (Feb.) 1922. 

24. Buzzard, Thomas: A Case of Symmetrical Sciatica in a Diabetic Patient: 
Treatment by Salicylate of Soda, Lancet 1:302, 1882. 

20 Nonne, M.: Ueber Poliomyelitis anterior chronica als Ursache einer 
chronisch progressiven atrophischen Lahmung bei Diabetes mellitus, Berl. klin 
Wehnschr. 33:207, 1896. 

26. Bonardi, Edoardo: Sclerosi diffusa pseudo-sistematizzatra del midolla 
spinale con polinevrite in un caso di diabete mellito, Morgagni 39:557, 1897. 

27. Charcot, J. M.: Sur un cas de paraplégie diabétique, Arch. de neurol. 19: 
305, 1890. 

28. Rosenstein, S.: Ueber das Verhalten des Kniephinomens beim Diabetes 
mellitus, Berl. klin. Wehnschr. 22:113, 1885. 

29. Pryce, T. D.: A Case of Perforating Ulcers of Both Feet Associated with 
Diabetes and Ataxic Symptoms, Lancet 2:11, 1887. 
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tibial nerve, and to a less extent in the anterior tibial nerve, a granular myelin 
sheath was found which did not stain black with osmic acid. Many degenerated 
axis cylinders were noted. 

Nonne — (1889).—Caseé 1.—A man, aged 27, had alcoholic epilepsy and possibly 
healed tuberculosis. Patellar reflexes were absent. At necropsy, the spinal cord 
was found to be normal. There was parenchymatous degeneration of the nerves 
to the vastus internus, rectus femoris and sartorius muscles. 


Case 2.—In a man, aged 44, the patellar reflexes were absent. At necropsy, 


the spinal cord was found to be normal. The peripheral nerves showed changes 
similar to those described in the preceding case. 


Case 3.—In a man, aged 55, an alcoholic patient, patellar reflexes were absent. 
Hepatitis was present. At necropsy, similar changes in the cord and the peripheral 
nerves were present. 


Case 4—A man, aged 49, had pulmonary and intestinal tuberculosis. At 
necropsy, abnormalities in peripheral nerves similar to those in the preceding cases 
were found. There was slight degeneration of the muscles. The spinal cord was 
normal, 


Cast 5.—A man, aged 46, died from typhoid fever. At necropsy, he was 
found to have a normal cord and changes in the peripheral nerves as described 
in case 4. 

Auché* (1890).—Case 1,.—A patient, aged 74, had gangrene of the right foot 
and muscular cramps; the right femoral artery was thrombosed. Pulsation of 
the popliteal and pedal arteries was absent. At necropsy, the spinal cord was 
found to be normal macroscopically and the nerves in the right leg were frag- 
mented. 


Case 2.—The patient, aged 50, had had glycosuria for six years, weakness of 
the lower extremities and a prickling sensation in the legs, feet and hands. The 
patellar reflexes were absent. At necropsy, the spinal cord was normal to macro- 
scopic examination. The posterior tibial nerve contained segmented, irregular, 
shrivelled and poorly stained sheaths. The plantar nerves were markedly degen- 
erated, and branches of the radial nerve were degenerated. 


Case 3.—The patient, aged 19, had had diabetes for three months, cramps in 
the calves of the legs, slight analgesia over the dorsum of the forearms and 
hemorrhages under the nails of the toes. The patellar reflexes were absent. At 
necropsy, the spinal cord appeared normal on macroscopic examination. There 
was parenchymatous neuritis of the nerves of the fingers and lower extremities. 

Eichhorst ® (1802).—Casre 1—A patient, with normal sensation, without any 
tendon reflexes of the lower extremities but with ankle cionus (7), died in coma. 
\t necropsy, examination of the spinal cord was negative, and there was degenera- 
tion of the sciatic, crural and vagus nerves. 


Cast 2.—A patient without patellar retiexes died in coma. At necropsy, the 


spinal cord was found to be normal, and there was degeneration of the sciatic 
and crural nerves. 

In both of Eichhorst’s cases, the crural nerves were markedly degenerated, 
and there was cellular infiltration. 


30, Nonne, M.:  Einige anatomische Befunde, beim Mange! des Patellar- 
Retlexes, Festschr. z. Eréffn. d. u. allg. Krankenh. zu Hamb.-Eppendorf. 1889, 
p. 144 
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Sandmeyer * (1892).—A girl, aged 9 years, had had diabetes for two years 
The reflexes were normal. She died in coma. At necropsy, there was degenera 
tion near the posterior median septum in the cervical and thoracic regions 

Pryce™ (1893).—Cast 1.—A man, aged 72, had bilateral sciatica. A sensa 
tion of burning and lightning pains of the lower extremities had been present for 
fourteen years. There was gangrene of the left foot and leg; sensation was 
slightly decreased over the feet, and patellar reflexes were absent. At necropsy, 
the posterior tibial and sciatic nerves showed a granular myelin sheath, degenera- 
tion of many axis cylinders and poor staining qualities. Atheroma of the blood 
vessels was present. 

Cast 2.—The patient, who had had diabetes and gangrene of the right foot for 
six years, complained of shooting and burning pains in both legs and of tender- 
ness of the feet. Sensation in the feet was diminished, and edema was present 
The patellar reflexes were absent. At necropsy, parenchymatous changes wer« 
found in the nerves and atheroma in the blood vessels, as in the preceding case 


Cavaszani™ (1893) —A woman, aged 20, was studied chietly from the stand 


point of the visceral nervous system. At necropsy, the spinal cord was normal 

Leichtentritt® (1893).—A woman, aged 60, had had diabetes for six years. 
She suffered from vertigo, tearing pains in the entire body, left hemiplegia, 
defective memory and indistinctness in speech. Sensibilities to pain and tempera- 
ture were absent over the left foot; tactile sensation was normal. Sensibility to 
pain was diminished over the outer surface of the right leg. The left popliteal 
artery was thrombosed. There was old and recent mitral disease. At necropsy, 
the spinal cord showed some degeneration in the posterior columns, some increase 
in connective tissue, corpora amylacia, thickened pia mater and granular, yellow 
cells of the anterior horn with thick, short processes. There was some degenera- 
tion of the nerves of the lower extremities. The vagus was normal. 

Leyden™ (1893).—The patient suffered from weakness and tenderness of the 
legs, nephritis and arteriosclerosis. The patellar reflexes were absent. At 
necropsy, degeneration was found in the posterior and lateral columns of the 
spinal cord and of the tibial nerve. 

HW illiamson (1894).—Case 1—A patient, aged 52, had had diabetes for eleven 
months. There were numbness and tingling of the fingers, marked atherosclero- 
sis and wasting of the deltoid triceps and biceps muscles. At first the patellar 
reflexes were absent; they later returned. At necropsy, pulmonary tuberculosis 
was disclosed. There was calcification of the vessels, some degeneration of the 
posterior columns of the cord in the cervical and thoracic regions and an increase 
in the number of neuroglia. Nerves to the biceps muscles were normal. 


31. Pryce, T. D.: On Diabetic Neuritis with a Clinical Pathologic Description 
of Three Cases of Diabetic Pseudotabes, Brain 16:416, 1893. 

32. Cavazzani, A.: Sympathicusveranderungen bei Diabetes mellitus; anato- 
mische und mikroscopische Beitrage, Zentralbl. f. allg. Pathol. u. path. Anat. 4: 
501, 1893. 

33. Leichtentritt, Heinrich: Ein Beitrag zur Erkrankung peripherer Nerven 
und des Riickenmarks bei Diabetes mellitus, Berlin, G. Schade, 1893, p. 32 

34. Leyden: Bemerkungen tiber Diabetes mellitus, Deutsche Med.-Ztg. 44: 
497 and 507, 1893. 

35. Williamson, R. T.: Changes in the Posterior Columns of the Spinal Cord 
in Diabetes Mellitus, Brit. M. J. 1:398, 1894. 
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Cast 2.—A woman, aged 21, had had diabetes for one and a half years, with 
pains in the feet and ankles and advanced pulmonary tuberculosis. The patellar 
retlexes were absent. At necropsy, the spinal cord showed changes similar to 
those noted in case 1, but less marked; the crural nerves were normal. 

The spinal cords of three other patients were studied and found to be normal 

Vonne* (1896).—A patient, aged 64, had had diabetes for tour years. There 
were progressive weakness of the upper and lower extremities, dysphagia, dys- 
arthria and atrophy of the Aran-Duchenne type. The patellar reflexes were 
absent. Pulmonary complications developed. At necropsy, marked degeneration 
of the cells of the anterior horns was found. The posterior roots were normal; 
there was diffuse rarefaction of the spinal cord “like in pernicious anemia.” The 
median and tibial nerves were about a third degenerated. 

Fraser and Bruce® (1896).—A man, aged 36, had had diabetes tor fourteen 
months. He complained of feebleness, amblyopia and cramps in the calves and 
ankles. His legs were tender; the patellar reflexes were absent, and the fund: 
of the eyes were without abnormality. At necropsy, pulmonary tuberculosis, 
parenchymatous degeneration and increase in the connective tissue of the optic 
nerves were found. Also, there was marked degeneration of the tibial nerves. 
The muscles showed fine granules between the fibers and loss of transverse stria- 
tions, a condition which is referred to as “disseminated interfibrillary fatty degen- 
eration,” and which differs from that seen following section of the nerves. 

Kalmus ™ (1896)—Case 1.—A man, aged 26, had syphilis and suffered from 
vomiting and diarrhea. The patellar retlexes were absent. -\t necropsy, gastro- 
enteritis and nephritis were found. The posterior columns of the spinal cord 
were markedly degenerated, more on the right than on the left side. The pia 
mater was slightly thickened. The central canal was filled with lymphoid cells. 

Case 2.—A man, aged 30, had pulmonary tuberculosis. Sensation and reflexes 
were normal. At necropsy, marked tuberculosis was discovered. Degeneration 
of moderate intensity of the posterior columns also was present 

Sougues and Marinesco® (1897)—The history was not given. Necropsy dis 
closed degeneration of the posterior columns. 

Bonardi™ (1897)—A patient, aged 72, complained of thoracic pain, formication 
and a feeling of deadness in the arms. There were mild thoracic kyphosis, decu- 
bitus, feebleness and wasting of the upper extremities, slight numbness of the 
feet and hands, atrophy of the calves of the legs and marked impairment of the 
patellar retlexes. The patient had a spastic, paretic gait, and presented the clin- 
ical picture of bulbar paralysis with loss of sphincteric control. At necropsy, 
profuse arteriosclerosis and pulmonary tuberculosis were found. The pia mater 
was thickened and adherent to the cord in the cervical region: the cells of the 
anterior horn were diminished in volume and stained poorly. and the bulbar nuclei 
were atrophic. The nerves of the upper and lower extremities showed interstitial 
and parenchymatous neuritis with an increased amount of connective tissue and 
an increased number of nuclei. The vagi were normal. The muscles had lost 
their striations, and their nuclei were increased in number. 

36. Fraser, T. R.. and Bruce, A.: On a Case of Diabetic Neuritis, with a 
Description of the Post-Mortem Examination of the Nerves and Muscles, 
Edinburgh M. J. 42:300, 1896. 

37. Kalmus, Ernst: Beitrag zur Kentniss der Ritckenmarkserkrankungen bei 
Diabetes mellitus, Ztschr. f. klin. Med. 30:559, 1896 

38. Souques, A., and Marinesco, G.: Lésions de la moelle épiniére dan 


de diabéte sucré, Rev. neurol. 5:242, 1897. 
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Hensay™ (1897).—Cast 1.—A woman, aged 45, had had diabetes for seven 
months. At necropsy, capillary hemorrhages in the fourth ventricle and irregular 
degeneration of about half of the tibers of the spinal accessory nerve were found 


Case 2.—A man, aged 36, had had diabetes for fifteen months. He also had 


pulmonary tuberculosis. At necropsy, the dura in the sacral region was found 
to be thick. There was a light streak in each posterior column in fixed material 
but this was not seen in stained sections. The posterior roots in the lumbar area 
had a clear periphery but swollen myelin sheaths in the center 


Cask 3.—A man, aged 68, a sufferer from alcoholism, had had diabetes for 


eight vears. He also had an enlarged liver and spleen, slight ascites and arteriw 


sclerosis. At necropsy, a fresh hemorrhage was found in the fourth ventricle 
Both seventh cranial nerves showed a clear periphery and swollen myelin sheaths 
in the center, as noted in the previous case. Hensay did not know whether this 
change was an artefact or not. 

Findlay ® (1902).—A man, aged 41, had had diabetes for nine months, with 
shooting pains in the legs. He also had pulmonary tuberculosis. The patellar 
reflexes were absent. At necropsy, fatty degeneration of the liver and cloudy 
swelling of the kidneys were found. There was slight sclerosis and intiltration 
of the pancreas with small round cells. Degeneration and chromatolysis of the 
cells of the anterior horn and increase in the number of glia cells were found in 
the spinal cord. There were slight degeneration of the tenth cranial nerve, marked 
degeneration of the cervical sympathetic nerves and almost complete degeneration 
of the crural nerve. The rectus abdominis muscle showed few striations, longi 
tudinal splitting and increase in the number of nuclei. Findlay suggested that 
the neuritis of the tenth cranial nerve may have contributed to the development 
of both diabetes and tuberculosis. 

Naunyn™ (1900).—In a man, aged 41, a stone was found at necrposy in the 
duct of Wirsung. The spinal cord was normal. 

Ossokine” (1902)—A man, aged 51, died from pneumonia. A\t necropsy, 
there were scattered areas of degeneration in the posterior and anterior columns 
of the spinal cord and some degeneration of cells. In the crural nerves, stained 
by the method of Marchi, numerous black points were seen. 

Varinesco *® (1903).—A man, aged 21, had had diabetes for seventeen months 
The lower extremities were extremely weak; the patellar reflexes were absent 
\t necropsy, the cells of the anterior horn showed perinuclear chromatolysis and 
displaced nuclei, possibly the result of injury of the peripheral nerves. In the 
sciatic nerve some degeneration was found, and in the external popliteal nerve 
there was marked degeneration. The crural nerves were normal 

Williamson ® (1904)—A man, aged 25, had had diabetes for nine months 
He also had early pulmonary tuberculosis, and the patellar reflexes were absent 
At necropsy, the spinal cord showed a few swollen axis cylinders and an increase 


39. Hensay, Joseph: Untersuchungen des Central-Nervensystems bei Diabetes 


mellitus, Strassburg, Goeller, 1897, p. 38. 


40. Findlay, J. W.: Changes in the Peripheral Nerves in a Case of Diabetes 
Mellitus, Tr. Medico-Chir. Soc. Glasgow 3:441, 1902. 

41. Ossokine, N.: Contribution A l'étude de l’anatomie pathologique de la 
moelle dans le diabéte sucré, abstr. Rev. neurol. 10:993, 1902. 

42. Marinesco, G.: Ein Fall von diabetischer Paraplegie, Neurol. Centralbl 


22:94, 1903. 
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in the number of glial cells of the column of Goll; also, there was degeneration 
of the intramedullary tibers of the posterior roots. This intramedullary degenera- 
tion was considered by Williamson to be the origin of ascending degeneration 
noted in the posterior columns. 

Bramwell* (1907).—A man, aged 56, had had diabetes for eighteen months. 
He complained of pain in the legs and that his feet felt dead. There were ulcers i 
over the metatarsophalangeal joints; the pupillary reaction to light was feeble. 

He had arteriosclerosis. Sensation was diminished over the lower third of the 

legs. Patellar reflexes were absent. At necropsy, the arteries, especially those 
in the posterior column of the spinal cord, were found to be diseased, and corpora 
amylacia were present. Most of the fibers were normal. There was some atrophy 
of the cells of the anterior horn and slight degeneration of the sciatic nerve. The 
blood vessels generally were sclerotic. There was advanced arteriosclerosis of 
the posterior tibial artery which was adherent to the posterior tibial nerve. This 
nerve and the plantar nerve were much degenerated. Bramwell believed that the 
changes in the nerve were secondary to the scar tissue. 

Schweiger (1908)—Cast 1—A man, aged 63, had had syphilis thirty-two 
years before examination. For two years he had had diabetes. He was suffering 
from gangrene of the right great toe. At necropsy, arteriosclerosis, obliteration 
of the pericardial cavity and pleuritis were found. The posterior column of the 
cord was lighter than the other columns. At higher levels Goll’s tract particularly 
was involved. The intramedullary portion of the posterior roots was rarefied. 
The glia cells were increased in number. 

Case 2—A woman, aged 59, had had diabetes for two years. She suffered 
from headache, failure of vision and tearing pains in the feet. Sensation was 
diminished over the feet. The patellar reflexes were normal. At necropsy, 
changes found in the spinal cord resembled those described in the preceding case. 

Case 3.—A preparation of the spinal cord from another case of diabetes 
showed changes similar to those noted in the preceding two cases. 

Case 4—Examination disclosed fixation of the pupil on the left, lack of rota- 
tion of the globe upward and downward, pulmonary tuberculosis and absence of 
the left patellar reflex. At necropsy, the spinal cord was normal. This patient 
gave a history of syphilitic infection twenty years previously. 

Schweiger believed that the changes noted in the posterior columns of the 
spinal cord occur secondary to the involvement of posterior roots, that they 
resemble the changes of tabes, but that they are less extensive because of the 
shorter duration of the illness. 


REPORT OF MAYO CLINIC CASES 

Our observations have been made in ten cases. In three of these 
sections were obtained from the following regions: cervical, upper 
thoracic, lumbar and sacral regions of the spinal cord ; sciatic, femoral, 
peroneal and tibial nerves, and dorsal intermedial cutaneous, medial plan- 


44. Bramwell, B.: Diabetes: Perforating Ulcer of the Foot: Advanced 
Atheroma of the Posterior Tibial Artery, the Artery Being Adherent to the 
Posterior Tibial Nerve: Marked Changes in the Posterior Tibial and Plantar 
Nerves, Clin. Stud. 5:279, 1907. 

45. Schweiger, L.: Ueber die tabiformen Veranderungen der Hinterstrange 
bei Diabetes, Arb. a. d. neurol. Inst. a. d. Wien. Univ. 14:391, 1908. 
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tar and digital nerves of the feet. [In one case which came to necropsy 
the spinal cord was not removed, but peripheral nerves were obtained. 
In the remaining six cases, a leg was amputated for gangrene, and the 
anatomic examination was limited to the nerves of the amputated 
extremity. .\ few frozen sections were made, but for the most part the 
tissue was embedded in paraffin and celloidin. The stains used were 
various modifications of Weigert’s stain, hematoxylin and eosin, iron 
hematoxylin, acid fuchsin-aniline blue-orange G, Weigert’s elastic tissuc 
stain, thionine and the stains of Marchi, of Orlandi together with schar 
lach r, and of van Gieson. 
Case 1—A farmer, aged 55, first consulted the Mayo Clinic on Feb. 18, 1925, 
with the complaint of diabetes. Polyuria had occurred when he was 40, 
but had not persisted. More marked polyuria and polydipsia had occurred again 
when he was 49, and sugar had then been found in the urine. Imperfect treat 

ment had been applied for the following six years. The urine rarely had been 
sugar tree, except for a short period of starvation at the beginning of treatment 

The family history was without significant features. The patient's previous ill 

nesses included an attack of acute nephritis in childhood, an attack of sciatica on 
the right side at the age of 35 and influenza with pneumonia at the age of 45 
There was no history of venereal infection. Tobacco and alcohol had been indulged 
in moderately. The maximal body weight, 212 pounds (96 Kg.), had been reached 
at the age of 45. Since that time a loss of 73 pounds (33.1 Kg.) had occurred 
gradually. Other symptoms included progressive loss of strength, dyspnea on 
exertion, epigastric pain associated with a feeling of fulness and belching after 
meals. Pains and numbness of the legs had begun one year before examination, 
starting in the toes, gradually increasing in severity and extent, and finally involv- 
ing both legs from the hips down. The pains, which often were sharp and 
darting, usually more severe between 5 and 9 a. m., were relieved rather than 
exacerbated by exercise, and were aggravated by changes in the weather. The 
numbness affected the feet. The inner sides of the thighs and knees were hyper 

sensitive, and the skin of the upper part of the abdomen recently had felt raw, 
distention pain. 

The height was 5 feet and 7 inches (170.2 cm.). Marked thickening of the palpable 
arteries was noted; the blood pressure was moderately elevated, being 150 systolic 
and 90 diastolic, measured in millimeters of mercury. Mild diabetic retinitis of the 
central punctate type was present. Severe pyorrhea was noted, and also calcified 
pleuritis over the left lung; the heart was displaced to the left, and there was 
inversion of the T wave in lead I of the electrocardiogram. The liver was 
enlarged; its lower margin was palpable 3 cm. below the costal margin and it 
was harder than normal. The prostate gland was enlarged and boggy. The 
Wassermann test of the blood was performed seven times with negative results 
Data obtained by spinal puncture were negative except for a positive Nonne test 
The basal metabolic rate was normal on several trials. On the patient's admission, 
the urine contained 4.2 per cent of sugar but did not contain acetone bodies. The 
blood sugar was 280 mg. in each hundred cubic centimeters. The reflexes of the 
left upper extremity were definitely diminished as compared with those of the 
right upper extremity. The patellar reflexes were obtained only on reenforce- 
ment. The reflexes of the tendo achillis were absent. The pupillary reflexes 
were normal. The calves of the legs were tender to pressure, but with this excep- 
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The superficial sensibility for touch, 


pain and temperature was slightly decreased over the feet, and sensibility to pain, 
tested by pricking with a pin, was slightly delayed as compared with tactile sensi- 
bility over the feet and back. Vibratory sensibility was slightly reduced over the 


malleol1. 


Circumscribed areas of degeneration, d.a., may 
A number of 


Fig. 1 (case 1).—Sciatic nerve. 
be seen among nerve fibers otherwise normal, n.f., in appearance. 
sclerotic vessels, ).z., Acid fuchsin-aniline blue-orange G stain; 


60. 


also are present. 


Under management with a suitable diet, and relatively small doses of insulin, 


glycosuria and hyperglycemia were promptly controlled. Nevertheless, the pains 
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continued, until some time later some relief was obtained following resort to an 
exclusive milk diet elsewhere. The relief was transitory. At another time, some 
benefit apparently was obtained by daily doses of theobromine. In March, 1926, 
the patient contracted erysipelas of the face, from which he died. 


Fig. 2 (case 1).—Sciatic nerve. The contrast between normal, n.f., and degen- 
erated areas, d.a., is well marked. Acid fuchsin-aniline blue-orange G stain; 


« 130. 


Necropsy disclosed erysipelas of the face, head and neck, with involvement 
of the superior mediastinum, bilateral bronchopneumonia, old tuberculosis of the 
left lung with cavitation, obliteration of the pleural cavity with calcification, old 
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empyema, spina bifida occulta, marked general arteriosclerosis and hyperplastic 
cirrhosis of the liver, which weighed 2.400 Gm. 

The examination of the spinal cord and nerve roots showed nothing that might 
be regarded as abnormal, considering the age of the patient. The walls of the 
vessels, however, were noticeably thickened. Examination of the peripheral nerves 
showed rather marked degeneration and arteriosclerosis and a moderate increase 
in thickness of the perineurium. In the femoral nerve, in which the degeneration 
was least marked, slight infiltration of small round cells and wandering tissue 
cells was noted. Scattered nerve bundles of the sciatic nerves were obviously 
necrosed (figs. 1 and 2). In the femoral nerves there was degeneration and 
arteriosclerosis (fig. 3). The marked arteriosclerosis would make one suspect the 
possibility of some relationship between this and the degeneration of the nerves. 


‘ig. 3 (case 1).—Femoral nerve. Numerous nerve fibers. n.f., are to be seen; 
however, many are degenerated, and vessels, }.7., with thickened walls are in evi- 
dence. Acid fuchsin-aniline blue-orange G stain: & 150. 

Case 2.—A farmer, aged 49, first consulted the Mayo Clinic on Dec. 22. 1922, 
with the complaint of ulcers of the toes. Polyuria and polydipsia had been present 
for four years; during this time a gradual loss of strength had occurred and the 
weight had fallen from 240 to 178 pounds (108.8 to 80.7 Kg.). The urine had 
been examined shortly before admission and sugar had been found. For a year, 
the feet had been numb and cold, and blisters of the toes leading to discoloration 
and ulcers had occurred on Nov. 1, 1922. Four other members of the family had 
had diabetes: the father, a sister and two brothers. The patient did not have 
children. The previous illnesses included gonorrheal infection at the age of 27 


and pneumonia at the age of 42. There was no history of syphilis. He had used 


tobacco and alcohol moderately for years 
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Examination revealed a sturdy man 6 feet (183 cm.) in height, weighmyg 178 
pounds, with gangrenous ulcers of both great toes. Other significant observations 
were the following: blood pressure 112 systolic and 78 diastolic; in the eyegrounds, 
some irregularity of arterial reflexes but absence of definite arteriosclerosis, one 
questionable, small, punctate retinal hemorrhage, and absence of reflexes in both 
the patella and the tendo achillis. The first twenty-four hour specimen of urine 
after admission to the hospital contained 271.3 Gm. of sugar, but acetone was not 
present; the blood sugar after fasting was 250 mg. in each hundred cubic centi- 
meters. The Wassermann reaction of the blood was negative. After several 
weeks spent in bed, the ulcers of the toes healed and the patient was discharged 
with the urine free from sugar and diacetic acid, and the blood sugar after fasting 
150 mg. for each hundred cubic centimeters. 


Fig. 4 (case 2).—Tibial nerve. Longitudinal section of a nerve bundle, #., 
showing inflammatory reaction, i.c. Van Gieson stain; « 140. 


The patient was admitted again for gangrene on Feb. 4, 1927. In the interval 
he had followed a weighed diet with reasonable accuracy and had used 10 units 
of insulin daily. At this time the patient weighed 178 pounds. The urine was 
free from sugar and the blood sugar was 137 mg. for each hundred cubic centi- 
meters. Gangrene affected the middle toe of the left foot. Roentgenograms 
revealed marked calcification of the vessels of the legs and feet. Examination of 
the eyegrounds showed moderate fibrosis of the retinal arteries and some punctate 
degenerative exudates. 

On February 7, the middle toe of the leit foot was amputated. The patient 
did well until February 19, when severe infection of the foot developed which 
spread up the leg as cellulitis. On March 1, the leg was amputated. On March 
5, the patient died. 

At necropsy, cellulitis of the left thigh, slight icterus and hemorrhagic cystitis 
were found. The spleen was enlarged: it weighed 408 Gm. There was marked 
sclerosis of the arteries of the foot and thrombosis of the superficial veins. The 
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spinal cord was not removed. Sections of the peripheral nerves stained poorly by 
moditications of Weigert’s method, but the general structure of the myelin sheaths 
was fairly well maintained at higher levels. Well marked degeneration, however, 
was evident more distally from a study of the other sections. Accumulations ot 


tat-bearing cells were seen in the perivascular spaces. The nuclei of the cells of 


the sheath of Schwann were increased in numbers. There was slight infiltration 
with polymorphonuclear leukocytes, and more distally rather well marked infiltra- 
tion with lymphocytes, and of endothelioid cells, chiefly extraneurally (fig. 4). 


The connective tissue was somewhat increased and there was thickening of the 
arteries in the nerve bundles (fig. 5). These changes were marked in the digital 
nerves, in which normal nerve fibers could not be demonstrated. The muscle 


Fig. 5 tcase 2).—Cross-section of tibial nerve. The degeneration is not so 
clearly shown at this magnification but the thickened vessels, b.v., are apparent. 
Van Gieson stain; & 60 


fibers showed numerous fat droplets by the Marchi stain (fig. 6). The fibers 
were swollen and fragmented, the striae were often lost, and there was slight 
evidence of intlammation. 

Cast 3.—The patient, aged 75, was admitted on May 29, 1923, complaining of 
cataract in the right eve. There was no record of previous illnesses or of 
consumption of alcohol or tobacco. 


the 


Examination of the fundi showed questionable primary arteriosclerosis. The 
blood pressure was 160 systolic and 70 diastolic. A second examination was made 
in January, 1924, because of a recent cold. Evidences of pneumonia were found. 


Roentgenographic examination of the chest disclosed consolidation of the right 
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upper 


of the arteries. The urine contained 7 per cent o 
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and lower lobes and interlobar pleurtsy Arteriosclerosis was marked 
Pulsation of the vessels of either foot could not be palpated. The radial arteries 


left leg revealed caleificatiot 


i sugar but not acetone odes 


were extremely sclerotic, and roentgenograms ol the 


the blood sugar was 400 mg. in each hundred cubic centimeters. The neurology 
features of this case were the following: The patient complained of a severe 
burning, stinging pain of the foot, accompanied by marked hyperesthesia and 


numbness in the posterior portion of the calf of the lett leg and left foot. Slight 
atrophy and fibrillation of the calf of the left leg and of the right anterior tibial 


lexes in both tendo achillis were absent 


group of muscles were noted Ret 


Cutaneous sensation was normal 


\ third examination was made in July, 1925, at which time the patient was 
admitted with the complaint of gangrene of the three lat ral toes of the lett foot 


Fig. 6 (case 2).—Section of muscle from anterior tibial group. The rows « 


fat droplets stained black by the osmic acid are the most prominent features « 


the injured muscle. Marchi stain. 


This had begun three months previously. The blood pressure was 240 sy stolic and 
130 diastolic. Diabetes had been mild after recovery from the attack of pneu 
monia and until recently had been readily controlled by a qualitative diet, without 
insulin. The left leg was amputated through the knee 

In February, 1927, the left hip was fractured, and the patient was readmitted 
to the hospital in March in a state of collapse. The urine again contained sugar, 
eranular casts and a large amount of albumin. Death occurred on March 28, at 
the age of 75, two days after a stroke of paralysis involving the left side 

At necropsy a large, infarcted region was found on the right side of the brain, 
which contained numerous hemorrhages and polymorphonuclear cells. There was 


a moderate degree of arteriosclerosis of the smaller vessels. Examination of the 


spinal cord showed the changes of senility. The cells of the anterior horn were 


greatly reduced in numbers on one side of the cord in the lower lumbar level 
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Unfortunately, the sides had not been marked before embedding, and whether or 
not these changes corresponded to the side of the amputated limb could not be 
determined. It will be recalled that fibrillary tremors had been observed in the 
lower extremities at an earlier examination. These were bilateral and it is 
unlikely that they were occasioned by disease of the cells of the anterior horn, 
since those on one side were normal, The hemiplegia had, of course, occurred too 
recently to have produced any notable results in the tracts of the cord. On the 
whole, the peripheral nerves appeared to be fairly normal at higher levels. In 
isolated fibers were some droplets of fat and an occasional fat-laden cell. There 
was a moderate degree of degeneration in the plantar nerves. The nuclei of the 
sheath of Schwann were considerably increased in numbers, and there were a few 
wandering tissue cells. The arteries within the nerves at the levels examined 


were fairly normal in appearance. 


Fig. 7 (case 4).—Longitudinal section of femoral nerve. Marchi granules, 
dn... are stained black in the degenerating nerve fibers; f., adventitious fat. 
Marchi stain; * 75. 


Case 4.—A housewife, aged 53, tirst consulted the Mayo clinic on Feb. 6, 1928. 
She complained of soreness of the left lower quadrant of the abdomen, which had 
been present for twenty-seven years, and sore feet, which she said had felt “like 
worms jumping in them,” for six years. Polyuria and polydipsia had been present 
since 1925. The urine was examined and glycosuria noted in 1926, but treatment 
had not been instituted. There had occurred an occasional bloody discharge from the 
vagina for two years, and soreness had appeared on the toes two years previously. 
Previous illnesses included pneumonia, sore throat, otitis media and mumps, with 
no history of syphilis. The patient had not overindulged in the use of tobacco or 
alcohol. The height was 5 feet and 9 inches (175 cm.) ; the maximal weight, 230 


pounds (104.3 Kg.), had been reached in 1925. 


The weight on admission was 165 pounds (74.8 Kg.). Examination revealed 
an advanced carcinoma of the cervix, with some pelvic infiltration, moderate 


pis. 
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peripheral arteriosclerosis and trophic ulcers of the feet Che blood pressure was 
140 systolic and 75 diastolic. The dorsalis pedis arteries pulsated normally on 
both sides. The urine contained a trace of sugar and diacetic acid. The blood 
sugar was 250 mg. in each hundred cubic centimeters 

Diabetes in this case proved severe, and required the administration of 40 units 
of insulin daily for its control. The urine became free from sugar under treat- 
ment, the ulcers on the toes began to heal, and the patient became markedly 
improved. The carcinoma was treated with radium, with  satistactory results. 
On the day before death, an intense abdominal pain developed suddenly and 
peritonitis followed a perforating gastric ulcer. On exploratory operation, on 
Feb, 27, 1928, enterostomy was performed. The patient died the following day. 

At necropsy diffuse peritonitis was found. The carcinoma had become 
shrunken to such an extent that it was difficult to find any trace of it. The pelvic 


nerves were not involved by scar tissue. Sections of the spinal cord and cauda 


Fig. 8 (case 4).—Tibial nerve. The nerve fibers, ».f., which are dark in this 
section are diminished in number. A few of them show vacuolization and other 


be 


abnormalities, d.n.f. Weigert-Pal stain; & 3 


equina were essentially normal. One dorsal root ganglion from the lumbar region 
showed occasional scattered polymorphonuclear leukocytes and wandering tissue 
cells. In some of the blood vessels, a larger number of polymorphonuclear cells 
was seen. In the sciatic nerves was slight arteriosclerosis, and slight degeneration 
was disclosed by the Marchi method. Both femoral nerves were shown to be 
slightly degenerated by the Weigert stain, but somewhat more marked degenera 
tion was revealed by the Marchi method (fig. 7). In the tibial nerves, a moderate 
degree of degeneration was revealed by the Weigert (fig. 8) and Marchi stains, 
and a moderate grade of arteriosclerosis. 

Case 5. A retired farmer, aged 63, first presented himself at the Mayo Clinic 


in June, 1922, with the complaint of diabetes mellitus He had suffered with 


46. In cases 5 to 10 inclusive, only nerves from extremities amputated because 


of gangrene were available for study. Changes noted here, however, resemble 
those found in the cases with necropsy so closely that they are included in the 
series. 
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cramps in the thighs, calves, feet and hands for ten years. Eight months before, 
polydipsia had appeared and two months Jater he had consulted a physician because 
a nail on his right foot had become black and the toe red: sugar was discovered 
in the urine at this time. Previous illnesses included nothing more serious than 
mild influenza in 1918 and occasional tonsillitis. There was no record of syphilis. 
He had used tobacco with moderation, but he had not used alcohol. 

The height was 63!4 inches (160 cm.): the maximal weight, 163 pounds 
(74.8 Kg.), had been reached in 1909, On admission, the patient weighed 124 pounds 


(56.2 Kg.). He had lost 10 pounds (4.5 Kg.) in one month. The blood pressure was 
152 systolic and 70 diastolic. The region of the right toenail was infected. The 
dorsalis pedis arteries pulsated normally. The urine contained a large amount of 
sugar but did not contain acetone bodies. The blood sugar was 238 mg. in each 


hundred cubic centimeters. The Wassermann reaction of the blood was negative. 
Examination of the eyegrounds revealed a few scattered, punctate retinal hemor- 
rhages, slight exaggeration of the retinal arterial reflex and relative venous 
engorgement. After discharge from the hospital, the patient followed a diet that 
was rigidly restricted at first and then less restricted, so that the urine contained 
sugar much of the time. 

The patient returned to the clinic in February, 1927. He had done well until 
seven months before, when the second toe on the left foot had become painful, 
red and swollen. Examination revealed dry gangrene of the toe, blood pressure 
of 180 systolic and 90 diastolic and moderate clinical evidence of arteriosclerosis. 
There were some structural blurring in the nasal portion of the disk of the right 
eye, a number of scattered retinal hemorrhages and a group of points of exudate. 
The urine contained sugar but did not contain diacetic acid. The fasting blood 
Sugar the following morning, after a dose of 10 units of insulin the night before 
admission, was 129 mg. in each hundred cubic centimeters. The leukocyte count 
was 14,800 in each cubic millimeter of blood: the blood urea was 37 and the blood 
sugar, 129 mg. in each hundred cubic centimeters. The carbon dioxide-combining 
power was 50 per cent. The tendon reflexes were elicited with difficulty. 

The gangrenous toe was amputated in March, 1927. The wound failed to 
heal, and on March 10, the left leg was amputated below the knee. The wound 
again failed to heal and on March 21 another imputation was made at the middle 
third of the left thigh. The third operation was followed by satisfactory healing. 
During this period, the urine occasionally contained sugar and diacetie acid. For 
the most part, however, diabetes was rigidly controlled despite the infection, so 
that the blood sugar ranged from 196 to 93 mg. in each hundred cubic centimeters. 

The nerves removed from the higher levels of the amputated limb showed from 
slight to moderate degeneration. In some of the bundle s, however, there was 
marked destruction. There was marked arteriosclerosis of the vessels in the 
nerves. At higher levels there was a moderate amount of infiltration with small 
round cells and polymorphonuclear leukocytes. This was not present more 
distally, Nerves from the peripheral parts of the limb were markedly degenerated 
and the digital nerves were completely degenerated, as shown by stained prepara- 
tions of myelin sheath and axis cylinders. Replacement had been made by con- 
nective tissue. There was a moderate degree of degeneration of muscle fibers: 
fibers were swollen, there was some increase in the number of nuclei, and an 
accumulation of fine fat droplets in the fibrils, as shown by the Marchi stain. 

Case 6.—A farmer, aged 64, was admitted to the Mayo Clinic on Feb. 20, 1923. 
with complaints of gangrene of the left foot and diabetes. Sugar had been dis- 
covered in the urine in 1917 and had not been absent since that time. One month 


before admission, the left great toe had be gun to tingle, had become tender but not 
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painful and presently had become gangrenous. Previous illnesses included only a 
mild attack of rheumatic fever. There was no history of syphilis. The use of 
alcohol and tobacco had been moderate. The height was 65'%4 inches (166.3 em.). 
The maximal weight reached 174 pounds (78.9 Kg.) 

The patient was pale, somewhat emaciated and extremely emphysematous, and 
the weight was 157 pounds (72.1 Kg.). The left great toe was completely 
gangrenous. The popliteal arteries pulsated normally, but pulsation could not be 
felt in either dorsalis pedis artery. The blood pressure was 98 systolic and 60 
diastolic. The eyegrounds appeared normal. The urine contained sugar and a 
trace of diacetic acid. The fasting blood sugar was 240 mg. in each hundred cubic 


centimeters. The Wassermann reaction of the blood, if it was determined, was 


Fig. 9 (case 6).—Digital nerve, n., and vessel, b.v. The nerve contains a few 
dark points which suggest normal myelin sheaths, but none of these proves to be 
such on closer inspection. The sclerotic vessel nearby is clearly shown. Weigert 


Pal stain; & 150, 


not recorded. Diabetes proved to be difficult to control, and as much as 60 units of 
insulin were required, together with a rigid diet, to check glycosuria completely 
On February 26, the left leg was amputated through the upper third. A second 
amputation through the middle of the thigh was necessary on March 5. Healing 
following the second operation was satisfactory. In April, large carbuncles 
appeared over the sacrum and lower lumbar region. These were cauterized. 
resulting in large ulcers which gradually healed The patient died at his home in 
diabetic coma on July 4, 1923, as a result of neglect. He had been doing well, but 
following a family quarrel, his wife had refused either to prepare his meals or to 


give him insulin. 
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There was rather well marked degeneration of the nerves at higher levels. as 
disclosed by all stains used, and there was complete degeneration in the digital 
branches (fig. 9). The axis cylinders appeared to be fairly normal at higher 
levels, where there was thickening of the perineurium. The nuclei in the 
course of the nerves were very much deformed and some of them were extremely 
attenuated; in other instances they were fragmented, bent, constricted and 
pyknotic. There was slight infiltration of the perineural tissues with polymorpho- 
nuclear leukocytes and wandering tissue cells. The vessels of the toes were very 
much thickened. The muscles removed from the plantar aspect of the foot showed 
some vacuolization, fragmentation, increase in the number of nuclei and, in other 
places, outright necrosis, 

Case 7.—The patient, a janitor, aged 57, was admitted to the Mayo Clinic on 
May 15, 1923, with complaints of diabetes and of gangrene of the toes. Ten years 
previously, he had lost weight and strength and had suffered from polyuria and 
polydipsia. These symptoms had led to examination of the urine; sugar was dis- 
covered and a diet instituted, which had been followed fairly faithfully. Two years 
prior to admission, after numbness had been noted in the feet, gangrene had set in 
in the left toes. Recovery from this was satisfactory, with subsequent healing. 
Four weeks before admission, gangrene had recurred. Previous illnesses included 
only some attacks of tonsillitis years before. There was no history of syphilis. 
The maximal weight was not recorded. 

On examination, general arteriosclerosis, gangrene of the left toes, hypertension 
and myocardial degeneration were found. Roentgenograms disclosed destruction 
of the first and second phalanges of the left great toe: other roentgenograms 
showed thickening of the pleura in the right lower part of the chest. The eye- 
grounds contained numerous exudates and hemorrhages around the macular 
regions, more marked on the right. The picture was that of central punctate 
retinitis of the diabetic type. The urine contained sugar but did not contain 
diacetic acid; the fasting blood Sugar was 317 mg. in each hundred cubic centi- 
meters. The Wassermann reaction of the blood Was negative. Treatment was 
instituted, and on June 7, the left lez was amputated through the upper third. 
Convalescence was satisfactory, and the patient was strong and well, without 
complaining of pains in the lez when last heard from in June, 1926. All of the 
nerves studied displayed marked degeneration and marked arteriosclerosis; the 


intensity of these characteristics was more marked peripherally. A slight degree 


oft small round cell infiltration was noted in one section, 

Case 8.—The patient, a farmer’s wife. aged 358, was admitted to the Mayo 
Clinic on Feb. 4, 1927, with complaints of diabetes and gangrene. Seven years 
previously, polyuria, polydipsia, general weakness, especially in the lower extremi- 
ties, and a carbuncle over the lumbar region had led to general examination and 
to the discovery of sugar in the urine. \ diet had been instituted at that time. 
Insulin had been used for eight weeks. Previous illnesses included only occasional 
attacks of tonsillitis. There was no reason to suspect syphilis. Alcohol and 
tobacco had not been used. The height was 5 feet 1% inches (156 em.), and the 
maximal weight, 210 pounds (95.2 Kg.). had been reached at the age of 40. Five 
months prior to admission, the fourth toe on the left side had become infected and 
had refused to heal. The patient further complained of irritation of the external 
genitalia, and numbness of the right arm and legs when she was fatigued. 

Examination revealed a body weight of 167 pounds (75.7 Kg.), and gangrene 
of the third and fourth toes of the left foot. Calcification of the vessels ot the 


legs was revealed by roentgenograms. The right ocular fundus contained hemor- 
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rhages and areas of degeneration; the left fundus was obscured by cataract of the 
lens. The urine did not contain sugar or diacetic acid but contained much pus 
The fasting blood sugar was 153 mg. in each hundred cubic centimeters ; later this 
figure rose to 217 mg. The blood urea was 36 mg., and the carbon dioxide com 
bining power was 58 per cent by volume. The Wassermann reaction of the blood 
was negative. Neurologic features were as follows: absence of tendo achillis and 
patellar reflexes ; diminution of tactile, vibratory and joint sensibilities, moderately 
on the left foot, more noticeably on the right; moderate incoordination of both 
lower extremities; tenderness of the calves of both legs, and merease in the size 
of the left peroneal nerve where it passed over the head of the tibula 

The diabetes in this case proved to be rather mild and was readily controlled 
with a careful diet and small doses of insulin (from 10 to 20 units), in spite of 
infection accompanied by a temperature at times as high as 103 F., and by leuko- 
cytosis. On February 14, the third and fourth toes of the left foot were amputated 
On March 7, the left leg was amputated at the upper third, and on March 21 
the leg was reamputated at the middle of the thigh. The wound again failed t 
heal, and the patient died on May 19, 1927, Necropsy was not obtained 

A study of the peripheral nerves in the amputated leg showed marked degenera 
tion at higher levels, and there was complete disintegration and a general loss of 
architectural arrangement distally. The nuclei of the neurilemma were con 
siderably increased in numbers. Wandering tissue cells were present in moderate 
numbers, both in the nerves and in the surrounding areolar tissue. There was 
some ballooning, and here and there the staining of the myelin sheaths was intet 
rupted and vacuolization was noted. Arteriosclerosis was moderate above and 
marked below. In the peroneal nerve, one of the arteries was calcified and con- 
tained a canalized thrombus. The digital nerves were completely degenerated 
some of the adjacent blood vessels were thrombosed. The connective tissue Was 


moderately increased. The Marchi stain did not show accumulation of fat; how- 


ever, fat was noted in sections stained with scharlach r. The muscles of the 
calves of the legs were fairly normal; however, there was some longitudinal 
splitting of the fibers, disappearance of the striae and increase in the number of 
nuclei. 

Case 9.—The patient, an attorney, aged 71. consulted the Mayo Clinic on 
March 15, 1927, with complaints of gangrene of the left foot and kidney trouble 
Four or five years previously, he had had nocturnal frequency of urination. Two 
weeks before admission a callus appeared under the toes of the left foot; this 
became infected later, the toe turned black and the back of the foot became red 
There had also been some polydipsia recently. Previous illness included two 
attacks of influenza and one each of gonorrhea, pleurisy and syphilis. A secondary 
rash was noted at the age of 40; a primary rash had not been noted. There had 
been moderate indulgence in alcohol and tobace 

The patient was 6 feet in height and weighed 180 pounds (81.6 Kg.). 
previous maximal weight was not recorded. The blood pressure was 120 systol 
and &0 diastolic. Examination of the eyegrounds revealed p ripheral pigmentary 
degeneration of the choroid, of the senile type. Roentgenograms of the left foot 
showed hypertrophic arthritis of the metatarsophalangeal joint, and marked 
calcification of the vessels. The left great toe was affected with dry gangrene 
The dorsum of the left foot was reddened and warm. The leukocyte count was 
2? 200 in each cubic millimeter ; the Wassermann reaction of the blood was strongly 
positive on two occasions. The urine contained a trace of sugar but did not contait 


diacetic acid. The blood sugar was 172 mg. in each hundred cubic centimeters 


; i 
' 
t 


600 ARCHIVES OF INTERNAL MEDICINE 


Three or four colonies of Streptococcus viridans appeared in the blood cultures 
made on March 18, but growth was not evident in the culture made March 19. 
The left leg was amputated on March 17, through the lower third of the thigh. 
Healing was unsatisfactory and reamputation was done on April 9 through the 
middle third of the thigh. 

The sciatic nerve did not stain well with modification of Weigert's stain, but 
hy other methods from slight to moderate degeneration was noted. Distally, the 
nerves were greatly altered. There was moderate arteriosclerosis above, and more 
marked arteriosclerosis below. The connective tissue was somewhat increased, 
and a moderate number of wandering tissue cells was noted. The cells of the 
neurilemma were increased in number and distorted to a moderate degree. The 
muscle showed rather marked degeneration with the Marchi stain: the fibers 


Were irregular in size, and the striae could not be seen in places, 


Case 10.—A farmer, aged 72, was admitted to the Mayo Clinic on May 23, 
1927, with complaints of gangrene and diabetes. Six months previously, a horse 
had stepped on his left great toe and a few days afterward, a block of wood had 
fallen on the same toe. The resulting infection failed to heal, and led to gangrene. 
Polyuria had been noted a year previously, but sugar had been found for the first 
time when a physician's advice was sought because of the injured toe. A diet 
restricted qualitatively in carbohydrate had been followed since then. A daughter 
had diabetes and a brother had died from arteriosclerosis. There was no history of 
venereal infection. Previous illnesses included tonsillitis at the age of 37 and 
appendicitis at the age of 57. Alcohol had been used rarely, and tobacco moderately 
(one box of snuff each week). The maximal body weight, 210 pounds (95.2 Kg.), 
had been attained at the age of 67. 

The height was 5 feet and 4 inches: the weight was 151 pounds (685 Kg.). 
The blood pressure was 138 systolic and 90 diastolic. There was moderate 
pyorrhea and some evidence of arteriosclerosis. Pulsation could not be palpated 
in the arteries of either foot. or in the popliteal arteries. The toes of both feet 
were bluish when the legs were dependent. There was gangrene of the first left 
toe. The eyegrounds revealed rather small arteries and moderate retinitis of the 
central, punctate, diabetic type. Large plaques appeared in the macula of the left 
eye and smaller exudates in the right macula. Formation of new vessels was 
noted in the left disk, and opacity of the lens was present in both eyes. Roent- 
genographic examination revealed hypertrophic arthritis of the ankles. The urine 
contained a small amount of sugar, a trace of albumin and a few erythrocytes and 
leukocytes. The blood sugar was 195 mg. in each hundred cubic centimeters. 
The Wassermann reaction of the blood Was negative. Diabetes in this case proved 
relatively mild and could be controlled by dietetic management alone. The left 
leg was amputated above the knee, where the vessels were found to pulsate but 
were very much thickened. A study of the nerves disclosed moderate degeneration 
at higher levels and rather marked degeneration peripherally. Here the sections 
stained by the method of Orlandi together with scharlach r showed not only 
marked degeneration, but delicate tenuous fibrils, obviously in a stage of regen- 
eration. There was moderate arteriosclerosis of the vessels within the nerves 
which was more marked distally. Wandering tissue cells in moderate numbers 


were seen peripherally in the nerve and its sheath. The nuclei of Schwann’'s cells 


Were irregular, elongated, some of them pyknotic and others vacuolated. The 
muscle fibers were very wide, pale and fragmented, had lost their striations and 
were obviously rather markedly degenerated 
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COMMENT 

The ten cases reported were selected for study more because of avail- 
ability of neurologic tissues for histologic examination than because they 
were especially good examples of diabetic neuritis. Although in cases 
1 and 8 the neurologic complications were sufficiently complex to justify 
a diagnosis of pseudotabes diabetica, few of the other patients exhibited 
more than mild pain or paresthesia and none any ataxia or motor weak- 
ness. The extent of degeneration found in the peripheral nerves in all 
ten cases 1s the more remarkable, in view of the mildness of nerve symp- 
toms. It would appear that accurate correlation does not exist between 
the degree of degeneration of the nerves and the symptoms. 

The degeneration noted in the three spinal cords examined was 
slight, and most of this could readily be explained on the basis of senility 
and arteriosclerosis. When the clinical features of cerebrospinal arterio- 
sclerosis are subtracted from those noted, there is a residuum which can- 
not be accounted for on the basis of the changes noted in the spinal cords. 
We are unable to agree with the view of Sandmeyer and others that the 
degeneration of the spinal cord is of the type seen in pernicious anemia. 
The clinical picture in these cases was also totally unlike that of subacute 
combined degeneration of pernicous anemia. We have not encountered 
such a case ourselves, except in five cases in which the two diseases, 
pernicious anemia and diabetes, were associated. (ne gains the impres- 
sion that the lateral columns are seldom, if ever, involved by diabetes, 
and that the mechanism in the production of the lesions reported as 
occurring in the posterior columns must be different from that active in 
pernicious anemia. The reports of Williamson '* and Schweiger are 
the most convincing in this respect. 

The degeneration of the nerves was extensive in eight cases, and 
less marked in two. It was usually diffuse, but in two cases it was 
patchy and involved isolated bundles of fibers lying in the midst of rela- 
tively normal bundles. This is not seen in the usual cases of toxic neu- 
ritis. Whether or not it was only a coincidence we cannot say, but it 
was only in these two cases that the diagnosis of pseudotabes diabetica 
could be made. Associated with it in all but one case was marked 
thickening of the walls of the intraneural vessels. Cellular infiltration, 
usually slight, was present in nine of the cases. The perineurium was 
thickened in all but one case. The muscles showed a rather marked 
degeneration in the six cases in which the muscles were studied. 

In the ten cases studied it does not seem likely that acidosis was a 
factor of any etiologic significance. Many of these patients were under 
reasonably careful management. The diabetes in all of them was mild 
or moderate, and acetone was seldom found in the urine. Similarly, 
there is little reason to believe that sugar in the blood played much of a 


part. It is true that the blood sugar was elevated in all of the cases, but 


! 
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it Was not excessively high in any of them, and the urine was free from 
sugar in most of the cases most of the time. Furthermore, if acetone 
bodies or sugar produce neuritis, we should expect to encounter more 
neuritis in groups of patients with severe diabetes ; this is not our clinical 
experience. The severest diabetes occurs as a rule in young patients, 
and such patients seldom manifest neuritis. Indeed, if we exclude from 
consideration the pains of acidosis ( precoma pains) which promptly dis- 
appear when acidosis is brought under control, young persons with 
severest diabetes practically never complain of pain, paresthesia or other 
neurologic symptoms. Although the patients with severest diabetes are 
usually young, we have also seen a great many cases of severe diabetes 
in older patients uncomplicated by neurologic symptoms. 

In the individual case one is never certain that some complicating 
infection or toxin may not be responsible for neuritis, but when large 
groups of patients with diabetes are compared with groups of patients 
with other chronic disease, for instance tuberculosis, one is struck by 
the fact that neuritis occurs with much greater frequency in the group 
of patients with diabetes. This should not be the case if complicating 
infections were responsible. In the ten cases included in this study, 
syphilis was present in only one, and other complicating infection or 
intoxication was not sufficiently in evidence to explain the neuritis 
encountered, 


Striking clinical dissimilarity between neuritis of diabetes and that 


produced by alcohol, lead, diphtheria and other common causes of neu- 


ritis is the almost exclusive predilection in diabetic neuritis for sensory 
disturbances. Pain, paresthesia, and areflexia are the more important 
characteristics. Lack of the usual sensitivity of nerve trunks and muscles 
and marked predilection for involvement of the lower extremities are 
also characteristic. Motor lesions are rare, although peroneal palsy 
from injury of the nerve by crossing the legs and crutch palsy are not 
uncommon ; the nerve trunks, it would seem, are more vulnerable than 
normally. Like “the crossed leg” paralysis of nondiabetic patients, the 
peroneal palsy of diabetes is much more common in men. 

That atherosclerosis of the nutrient vessel of the nerves plays a 
'eading part in the production of diabetic neuritis appears to be highly 
probable. In each of the ten cases described in this report, marked 
arteriosclerosis was present as a complication. The patchy character of 
the lesions in the nerves in some cases and the marked thickening of 
the walls of the intraneural vessels are consistent with the idea that 
arteriosclerosis and the resulting ischemia of nervous tissue were factors 
ot significance. In practically all of our clinical cases of diabetic neu- 
ritis and in all reported here, clinical evidence of complicating arterio- 
sclerosis is at hand. The description of the so-called arteriosclerosic and 


senile neuritis that 1s observed in subjects free from diabetes ci yneides 
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well with what we observe in diabetic neuritis.7 The digital nerves 
studied by Mahorner ** in cases of Buerger’s disease in which ischemia 
is certainly present, show similar necrosis of isolated nerve bundles. On 
the other hand, as has been stated, there 1s not an accurate corre lation 
between the degree of degeneration of the nerves and the symptoms. 
The subject deserves attentive consideration, and it is to be hoped that 
additional histologic material from cases intensively studied during lite 


may be subjected to examination. 


SUMMARY AND CONCLUSIONS 


1. Diabetic neuritis is mainly a sensory disturbance without corre 


sponding motor impairment ; pain, paresthesia and areflexia are its mam 


characteristics. It shows also a marked predilection for the lower 
extremities. 
2. The histologic material from ten cases studied clinically 


iS 


Two of these cases are instances of diabetic polyneuritis. 


described. 
In these two cases, isolated bundles of nerve fibers were necrotic. 

3. The degeneration noted in the spinal cord is relatively unimpor- 
tant, and it is doubtful whether it could explain the clinical data. The 
lesions in the spinal cord do not bear resemblance to those found in com- 
bined degeneration of the cord seen in pernicious anemia. 

4. The most significant lesions are those of the nerve trunks. These 
are associated in nearly all cases with marked thickening of the walls 


of the intraneural vessels. The degeneration is more marked toward 


the periphery. 

5. There is good reason to believe that neither glycosuria nor acidosis 
plays a direct part in the production of diabetic neuritis. In the ten 
cases studied, syphilis could be diagnosed in only one, and other comph- 
cating infections and intoxications such as those caused by alcohol and 
certain metals were not sufficiently in evidence to explain the neuritis. 

6. The results of this study lend support to the opinion that the fac- 
tor of greatest significance in the lesions of the nerves found in diabetes 
mellitus is atherosclerosis. 
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MASSIVE PULMONARY ATELECTASIS 
(COLLAPSE) 


ITS PROBABLE MECHANISM AND CLINICAL SIGNIFICANCE * 


HERMAN HENNELL, M.D. 


NEW YORK 


Since Pasteur’s! original study of this phenomenon as a postdiph- 
theritic and postoperative complication, this subject has been receiving 
increasing attention. Numerous case reports and reviews have appeared 
containing many observations on the etiology, incidence and mechanism 
of this phenomenon. Its probable mechanism has particularly inter- 
ested the various authors, and various theories have been advanced 
to explain it. I shall report five additional cases of massive pulmonary 
atelectasis. ne of these was studied in considerable detail over a period 
of years, and presents some unique features not previously reported. 
All the cases illustrate the various factors which are responsible for 
this phenomenon, suggesting its probable mechanism, and emphasizing 
its clinical significance. 


DEFINITION AND CLASSIFICATION 

$y massive collapse, atelectasis or apneumatosis is understood the 
deflation of large portions of lung tissue to a retracted airless state. 
While these terms are frequently used interchangeably, Scott, Pancoast, 
Jackson * and others prefer the term atelectasis as one which describes 
the condition of deflation of the alveolar tissue more accurately. They 
would reserve the term collapse of the lung for the condition resulting 
from positive intrapleural pressure, as in pneumohydropyothorax, in 
which there is not only deflation of the alveolar tissue but also collapse 
of the bronchi. No such differentiation is tenable or advisable at this 
time. In the cases reported by Packard,’ collapse of the bronchi was 
assumed to be present !n all cases of massive collapse, and he uses this 
as a differential point in the diagnosis of pulmonary collapse and pul- 
monary fibrosis. In the latter condition, this author claimed, the bronchi 
remain patent, while in massive collapse thev are collapsed. 

* Submitted for publication, April 25, 1929. 

*From the Medical Department of the New York Post-Graduate Medical 


School and Hospital, service of Dr. R. H. Halsey. 
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2. Jackson, C., and Lee, W. E.: Acute Massive Collapse of the Lungs, Tr. 
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Massive pulmonary collapse or atelectasis has been observed in a 
great variety of clinical conditions. Pasteur! observed it as a compli- 
cation in nasal and pharyngeal diphtheria, and believed it to be due to 
diaphragmatic paralysis. Later he found many examples of this condi- 
tion as a postoperative complication in abdominal cases. Since then 
numerous reports have appeared in the literature. Bradford * found it 
in about 10 per cent of all persons suffering from nonpenetrating 
injuries of the thoracic wall. Others reported similar accidents com- 
plicating injuries to the pelvis, buttocks and thighs. There are also 
cases on record in which massive pulmonary ‘collapse was found as a 
complication in acute diaphragmatic pleurisy and in pneumonia. Its 
occurrence with foreign body obstructions of the bronchi has been 


studied particularly by Jackson and his associates, and recently it was 


described by Packard * and others in connection with obstructing endo- 
bronchial neoplasm, retained blood clots following pulmonary hemor- 
rhage, as well as a complication of pulmonary tuberculosis. 

Various classifications of this condition have been suggested, but 
none appear satisfactory. An analysis of the clinical types of massive 
collapse from the point of view of their probable mechanism will prob- 
ably prove most helpful in the study of the subject. 


THE MECHANISM OF MASSIVE COLLAPSE 

The earliest observations on massive pulmonary atelectasis were 
made in the new-born infant, so-called congenital atelectasis. At birth, 
the alveolar walls are in close contact and the lungs are solid organs. 
With the first respirations, the lungs undergo gradual expansion, the 
alveoli, bronchioles and bronchi rapidly assuming their permanent form. 
Failure to do so results in partial or complete pulmonary atelectasis. .\ 
form of congenital atelectasis not infrequently met with 1s that due to 
accumulated secretions occluding the bronchial tree of the infant and 
preventing the normal inflation of the lungs. It is a common practice 
of the obstetrician to restore normal respiratory function by aspirating 
these secretions. This type of case represents the simplest mechanism 
of massive pulmonary atelectasis, namely, that due to gross and manifest 
bronchial occlusion. 

Congenital atelectasis is also found in infants with congenital syphilis 
or with lesions of the central nervous system, as well as in those who 
are premature or congenitally weak. This type of atelectasis is appar- 
ently due to interference with normal respiratory movements. It has 
been observed in some of these infants that, as a result of the weakness 
of the intercostal muscles, during inspiration, when the diaphragm 
descends, the thoracic cavity instead of enlarging, recedes, is sucked in, 


4. Bradford, J. R.: Massive Collapse of Lungs, Quart. J. Med. 12:127, 1918 
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so to speak, maintaining the underlying lung in a state of partial or 
complete atelectasis. Portions of the lung in these congenitally weak 
infants may remain atelectatic during the first year of life. A similar 
mechanism is probably operative in weak, cachectic or moribund persons 
in whom smaller or larger areas of atelectasis, especially at the margins 
and bases of the lungs, are of frequent occurrence clinically and post- 
mortem. 

A careful analysis of the clinical and experimental data at hand 
suggests that, from the point of view of the probable mechanism, most 
of the cases of acquired massive pulmonary atelectasis can be classified 
into three main groups: 

Group 1: Cases in which gross bronchial obstruction is the mani- 
fest cause of the condition. 

Group 2: Cases in which the primary factor is an interference with 
the proper respiratory movements, with which is associated increased 
bronchial secretion and a suppression of the cough reflex. The accu- 
mulated and retained secretions eventually lead to bronchial occlusion 
with resulting atelectasis. 

Group 3: Cases in which extrabronchial pressure leads to partial 
stenosis, the complete occlusion probably being due either to mucosal 
turgescence or to bronchial spasm, associated with plugs of retained 
inspissated secretions. 

In all these cases, following the bronchial occlusion, the alveolar air 
is absorbed by the pulmonary circulation and atelectasis results. 

Mechanism of Massive Pulmonary Atelectasis Due to Gross Endo- 
bronchial Obstruction.—This group includes the large number of cases 
in which obstruction in the bronchus is due to an opaque or nonopaque 
foreign body, to endobronchial neoplasm, to retained blood clots, to 
aspirated diphtheritic membrane, ete. 

The mechanism involved with foreign body obstruction has been 
studied extensively by a great many workers and particularly by Cheva- 
lier Jackson and his associates at his bronchoscopic clinic where they 
have seen hundreds of such cases. This author recognizes three types 
of bronchial obstruction : 

1. By-Pass-Valve Obstruction: This type is a partial obstruction 
which permits both ingress and egress of air past the obstruction and 
which does not cause either collapse or emphysema of the tributary lung. 

2. Check-Valve Obstruction: This type allows the air to pass in 
during inspiration, when the bronchial diameter is increased, but pre- 
vents the egress of air from the alveoli during expiration. This will 
occur when the obstructing object is just large enough to produce com- 
plete occlusion of the bronchus when the diameter is decreased during 
expiration. .\s a result of this mechanism the air content of the alveoli 
is progressively increased, eventually producing obstructive emphysema. 
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3. Stop-Valve Obstruction: In this type the air cannot get in dur- 
ing inspiration or out during expiration. Following this the alveolar 
air is absorbed by the pulmonary circulation and atelectasis results. 

While this last mechanism has been reported most frequently in cases 
of all kinds of nut kernels in the bronchial tree, it has been seen in 
many others in which plugs of tough secretions or of diphtheritic mem 
brane act as the occluding agent. Jackson, after careful study of a 
large series of cases, came to the conclusion that most, if not all, instances 
of so-called post-tracheotomic pneumonia were instances of massive 
pulmonary atelectasis resulting from bronchial obstruction by inspissated 
crusts of secretions or of diphtheritic membrane. He repeatedly dem- 
onstrated that the signs of pneumonia would clear up in a few minutes 
following bronchoscopic aspiration of these obstructions from the 
bronchi. It is Jackson’s opinion that the postdiphtheritic pulmonary 
collapse reported by Pasteur and others, and believed by them to be 
caused by respiratory paralysis, may in reality have been instances of 
bronchial obstruction by diphtheritic exudate. .\t any rate, in his clinic 
the routine removal of these obstructing exudates from the bronchi has 
prevented the occurrence of massive pulmonary atelectasis as a post- 
diphtheritic complication. 

An endobronchial neoplasm may similarly produce bronchial obstruc- 
tion, with resulting massive pulmonary atelectasis, the mechanism being 
analogous to the one just described. Packard * included in his reports 
one such example. Wessler and Jaches * described an interesting case 
of massive pulmonary atelectasis resulting from bronchial occlusion by 
a benign tumor. After the removal of the tumor with the aid of the 
bronchoscope, the entire clinical picture, which had lasted several months, 
cleared up with remarkable rapidity. Such instances are probably more 
frequent than the relatively few reports in the literature would lead one 
to believe. The atelectasis resulting from this tvpe of pulmonary occlu 
sion, when relatively circumscribed, is undoubtedly taken for extensive 
tumor infiltration. However, a more careful study of the physical and 
roentgen signs in this type of case, with bronchoscopic examination, 
would readily establish the correct diagnosis. 

Similarly, the retained clot after a brisk pulmonary hemorrhage may 
cause bronchial occlusion with resulting massive atelectasis. Such a 
case has been reported by J. L. Wilson ® in which the diagnosis was 


established by physical and roentgen examination and confirmed by the 


recovery of the expelled blood clots in the form of bronchial casts, fol 


lowing which all signs and symptoms cleared up. 


5. Wessler, H., and Jaches, L.: Clinical Roentgenology 
Chest, Troy, N. Y., The Southworth Company, 1623, p. 51. 
6. Wilson, J. L.: Hemoptysis in Tuberculosis Followed by Massive Pul 
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The following is a brief report of a similar case observed by me 
about two vears ago. 


Case 1.—Mrs. M. C., aged 29, had her initial hemoptysis about ten years before 
when her condition was first diagnosed as one of bilateral apical pulmonary tuber- 
culosis. Since then she had had two more hemoptyses, one four years and _ the 
other four weeks before the occurrence of the present episode. After each 
attack of hemoptysis she recuperated quickly, showing no extension of the 
pathologic process in the lungs, and being free from local and constitutional 
symptoms between the attacks. From her attending physician, I learned that the 
physical signs in the chest had for years been limited to the apexes on both sides. 

On the day following the last hemoptysis, a critical condition suddenly 
developed. The patient appeared acutely ill, with a temperature of 103 F. marked 
dyspnea and slight cyanosis. The attending physician called my attention to the 
fact that shortly following the hemoptysis there had occurred a sudden and 
marked change in the physical signs in the left lung which he interpreted as 
those of extensive tuberculous pneumonia. The physical signs in the chest at that 
time were striking. The left hemithorax was retracted and relatively immobile; 
tactile fremitus was diminished or absent over the lower half: the percussion note 
was dull to flat over the upper half and markedly flat over the lower half; the 
breath sounds were of bronchial quality over the upper lobe and diminished or 
absent over the rest of the lung; no rales were heard. On the right side, the 
respiratory movements were exaggerated and the apex showed evidence of old 
infiltration. The cardiac apex beat could be seen and felt in the fourth left 
interspace near the anterior axillary border. The trachea was deviated to the 
left. The diaphragmatic movements could not be determined because of the 
serious condition of the patient. 

The history, clinical picture and physical signs suggested the diagnosis of 
massive pulmonary atelectasis due to bronchial occlusion by a blood clot and 
involving the major portion of the left lung. Because of the likelihood that the 
blood clot was infected, a guarded prognosis was given. 

The patient’s condition continued to be serious, though she appeared less 
uncomfortable the next day. On the third day, and about seventy-two hours 
following the onset of the bronchial obstruction, she had a severe spell of cough- 
ing followed by what appeared to be another hemoptysis, which consisted of blood 
clots mainly, and which subsided after a short period of time. When [ saw her 
about one hour later, she appeared entirely comfortable. Physical examination of 
the lungs at this time revealed improved resonance, fairly normal breath sounds 
and numerous rales over the left hemithorax. The cardiac apex and trachea 
appeared to have returned to their normal position. Within the next four days 
the symptoms subsided, and the signs in the chest were once again only those of 
bilateral apical tuberculosis. 


This was an instance of massive pulmonary atelectasis resulting from 
bronchial obstruction by a blood clot which was spontaneously relieved 
after coughing up of the occluding clot. The suddenness of the onset 


of the symptoms, the characteristic physical signs and the rapidity with 


which the entire clinical picture cleared up after the removal of the 
obstruction are particularly noteworthy. 

The Mechanism of Massive Atelectasis Due Primarily to an Inter- 
ference with the Nervous or Muscular Mechanism of Respiration —In 
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this important and large group of cases are included all those which 


have been observed as a postoperative complication following upper 


abdominal manipulations, as well as those occurring with paretic or 


paralytic states of the muscles of respiration. 


In connection with the probable mechanism involved in the produc 


tion of massive atelectasis in this type of case, many interesting observa 


tions have been made. Martin and Hare, as quoted by Pasteur, were 


able to produce in animals complete bilateral pulmonary atelectasis by 


section of both phrenic nerves. Briscoe * reported three observations 


of complete bilateral pulmonary deflation in patients with high cervical 


spinal paralysis. In the surgical treatment of pulmonary tuberculosis 


by unilateral phrenectomy, atelectasis of the lower lobe ts readily accom- 


plished. Pearson Irwine, quoted by Jackson and Lee,* observed atelec- 


tasis of the upper lobe in a patient with diphtheritic paralysis of the 
thoracic muscles. In all these instances, paralysis of the muscles of 
respiration resulted in corresponding deflation of the pulmonary tissue. ' 

A similar case has been observed by me in a patient with alcoholic f 


polvneuritis. 


Case 2.—This patient, who, in addition to extensive polyneuritis with involve- 


ment of the imtercostal muscles, was also suffering with acute bronchitis, sud 


denly developed severe suffocating dyspnea and a state of shock. When seen a 


short time later, he presented the characteristic clinical picture of acute massive 


— 


atelectasis involving most of the left lung. He appeared to be in a state of shock, 


with marked dyspnea as the outstanding symptom. The involved left hemithorax 
seemed shrunken and immobile; the trachea and heart were deviated toward the 
involved side; breath sounds were absent at the base and harsh over the upper 


— 


lobe and no rales were elicited. There was hyperresonance and evidence of 
bronchitis in the right lung. With the aid of emetics and expectorants, the : 
condition cleared up spontaneously within a few hours. : 


In this case the mechanism is somewhat more intricate. ‘The pri- 


mary cause appeared to be the weakness of the intercostal muscles inci- 
dental to the existing polyneuritis. An important contributing factor : 


was the patient’s habit of Iving on his left side, thus favoring the 


immobilization of the diaphragm on that side. This interference with 


the respiratory function undoubtedly resulted in partial atelectasis of the 


underlying pulmonary tissue. As a result of the existing bronchial 


catarrh, there was extensive bronchial secretion; owing to muscular 


weakness of the patient, the cough was ineffective in clearing out the 


secretions as rapidly as they formed, so that they accumulated to a degree 
sufficient to act as occluding plugs in the bronchi. With the development 


of complete bronchial occlusion, gradual absorption of the alveolar air by 


7. Briscoe, J. C.: Mechanism of Post-Operative Collapse, Quart. J. Med 
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the pulmonary circulation took place with resulting massive atelectasis. 
Elliott and Dingley,* after a careful study of the subject, concluded that 
such a mechanism is operative in all cases in which immobilization of 
the diaphragm and thorax occurs from any cause, whether it is due to 
paralysis or paresis of the muscles, to a prolonged faulty posture (as 
in draining cases) or to voluntary or reflex inhibition as a result of pain 
or inflammation in the sublying structures. These authors and many 
others believe this to be the mechanism in the massive pulmonary ate- 


lectasis observed as a complication after upper abdominal operations. 
They point out that the interference with the respiratory movements is 
a predisposing factor, not only in the formation of mucous plugs in the 


bronchi, but also in the inability to expel them. 
The following two reports illustrate the important clinical features 
of this type of case. 


Case 3.—A middle-aged Italian was admitted to the surgical service of 
Dr. Bandler at the Post-Graduate Medical School and Hospital with a diagnosis 
of left pyonephrosis, for which a nephrectomy was performed on March 19, 1929, 
under general anesthesia. One day after operation, the patient suddenly developed 
pain in the chest, severe dyspnea, moderate cyanosis and a distressing cough, with 
high fever. Pneumonia was suspected. He was seen by me six days later, at 
which time he appeared acutely ill with marked dyspnea and a distressing unpro- 
ductive cough as the outstanding symptoms. Physical examination of the chest 
revealed the following significant observations: The right hemithorax appeared 
shrunken and practically immobile during respiration, while there was prominence 
and increased mobility of the left. There was marked dulness over the right 
upper lobe, flatness over the right lower lobes and hyperresonance over the entire 
left hemithorax. On auscultation, the breath sounds were harsh bronchial to the 
third rib on the right, weak to absent below that and exaggerated normal over 
the entire left lung. No rales were elicited. The trachea and heart seemed 
detinitely displaced to the right. 

Such physical signs occurring in a patient shortly after an upper abdominal 
operation at once suggested the probable diagnosis of acute massive pulmonary 
atelectasis. While such a clinical picture may be produced by pneumonia, pleurisy, 
spontaneous pneumothorax, pulmonary embolism or infarction or by an acute 
cardiac accident, the physical signs were characteristic of acute massive pul- 
monary atelectasis and seemed to justify such a diagnosis. Figure 1 A shows 
the roentgen appearance of the chest at that time. The homogeneous shadow 
throughout the major portion of the right lung field, the marked displacement 
of the trachea, heart and diaphragm toward the affected side and the compensa- 
tory emphysema in the left lung were interpreted as characteristic of massive 
pulmonary atelectasis of the major portion of the right lung. 

As the patient failed to improve after eight days of expectant treatment, inter- 
vention with the bronchoscope had to be resorted to. Bronchoscopic examination 
by Dr. C. J. Imperatori revealed the bronchi of the middle and lower lobes to be 
occluded by thick tenacious green mucus about 6 ce. of which was aspirated (this 
showed a pure growth of the green streptococcus on culture). The bronchoscopy 


&. Elliott and Dingley: Massive Collapse of the Lungs Following Abdom 


inal Operations, Lancet 1:1305, 1914. 
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was well borne by the patient, and immediately following it he appeared consider 
ably relieved of his dyspnea. At the same time there was evidence of increased 
aeration in the upper half of the right lung, and numerous moist rales were heard 
over this area. Roentgen examination of the lungs confirmed the physic 
of improved aeration in the upper part of the right lung 

The next day, although the patient appeared more comfortable, th chest 
were once again those of extensive massive collapse He was having a distressing 
cough and was expectorating thick tenacious green mucus with great dithculty 


After a second bronchoscopic aspiration on March 29, there was evidence of good 


aeration throughout the right lung, and this was confirmed by roentgen examina 


tion immediately after bronchoscopy. Figure 2 4 shows marked clearing of the 
density in the right hemithorax as well as the partial return of the trachea, heart 


and diaphragm to their normal position. On March 31, the temperature, pulse 


Fig. 1 (case 3).—-1, postoperative massive pulmonary atelectasis involving 
most of the right lung. Note the displacement of the trachea and heart to the 
affected (right) side. B, made shortly before the second bronchoscopy, showing 


only slightly increased aeration in the right upper and lower lobes 


rate and respirations were normal, and the patient appeared comfortable and free 


from pulmonary complaints. 


This case illustrates the characteristic clinical features of acute mas- 
sive pulmonary atelectasis following an upper abdominal operation : the 
sudden onset with acute respiratory symptoms and shock one day post 
operatively ; the classic physical signs of the condition; the corroborative 
observations on roentgen examination ; the discovery and removal of the 
occluding tenacious mucous plugs with the aid of the bronchoscope with 
rapid clearing up of the entire clinical picture. Of interest from the 
point of view of mechanism is the occurrence of the atelectasis on the 


side contralateral to the operation, a condition apparently determined in 
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this ease by the persistence of the patient in lying on his right side because 
of habit as well as because of pain in the operative wound on the leit 


side. That a similar mechanism may be operative in other cases of 


contralateral collapse is not improbable. 
The other case is that of a patient from Dr. Heyd’s surgical service. 


Case 4—The patient suddenly developed signs and symptoms of a_ severe 
pulmonary complication in the right lower lobe one day after a cholecystectomy 
\ few days later, he appeared acutely ill, with high fever, marked dyspnea, 
considerable cyanosis and an annoying productive cough. Physical examination 
of the lungs reyealed evidence of bilateral bronchitis; but in addition, in the 
right base, there was marked dulness to flatness, the breath sounds were feeble 


Fig. 2 (case 3).—A, roentgenogram made immediately after the second bron 


choscopic aspiration of the occluding mucus from the bronchi of the right middle 
and lower lobes. Note the markedly improved aeration of the right lung and the 
partial return of the mediastinal structures toward their normal position. Patient’s 
pulmonary signs and symptoms greatly improved. B, made four days later, 
showing still further clearing of the right lung. The patient was free from all 
pulmonary signs and symptoms. 


or absent, and few dry expiratory rales were heard. In the absence of signs 
pointing to a subdiaphragmatic process, the diagnosis to be considered included 
the following: pneumonia, circumscribed massive atelectasis, pulmonary infare- 
tion and pleural effusion. While ordinarily pneumonia would have been consid- 
ered the most likely diagnosis, circumscribed massive atelectasis was strongly 
suspected because the condition occurred postoperatively under circumstances 
which strongly favor its development. Particularly noteworthy in the roentgeno- 
gram (fig. 3) is the marked elevation of the right side of the diaphragm, a 
circumstance which suggested that atelectasis was an important factor in the patho- 
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logic process in the right lower lobe, if indeed, it was not the sole process. The 
entire clinical picture, as well as the physical signs, seemed to favor this inter- 
pretation. 

This case illustrates the ease with which circumscribed massive ate- 
lectasis may be overlooked or mistaken for other conditions, and also 
suggests that the frequency with which it is discovered clinically is in 
proportion to the diligence with which it is looked for, 

In brief, the essential mechanism in the production of pulmonary 
atelectasis in this group of cases is as follows: The primary factor is 
an interference with the respiratory movements through muscular paresis 


lig. 3. (case 4)—Roentgenogram of the lungs of a patient who suddenly 
developed signs and symptoms of a severe pulmonary complication in the right 
lower lobe following cholecystectomy. Note the marked elevation of the right 
side of the diaphragm which indicates that extensive atelectasis is an important 
factor in the pathologic process in the right lower side, if it is not the sole process 


or paralysis, voluntary or reflex inhibition of the muscles of respiration 
When with 


from pain or inflammation, prolonged faulty posture, ete. 
this is associated an increase in the bronchial secretions and a suppres 
sion of the cough reflex, the accumulated and retained secretions will 
ocelude the bronchi and thus lead to atelectasis. 

Lee, Tucker and Cleri ® recently published an interesting experiment 


in which the aforementioned mechanism was put to a rigorous test when 


9. Lee, W. E.: Tucker, G., and Clerf, | Post-Operative Pulmonary Atele¢ 


tasis, Ann. Surg. 88:6 (July) 1928 


I 

| 

| 

q | 

| 


614 ARCHIVES OF INTERNAL MEDICINE 


they reproduced in the dog the entire clinical picture of postoperative 
massive collapse. .\ normal dog was narcotized with morphine and 
etherized, and then an operative incision was made in the right upper 
quadrant, entering the abdominal cavity. The wound was carefully 
closed by sutures, and the upper part of the abdomen was strapped with 
broad strips of adhesive plaster which encircled the lower portion of the 
costal arches. “The dog was laid and kept on his right side. With the 
aid of the bronchose: ype about 7 cc. of secretions previously removed 
from the bronchus of a patient with a clinical case of pulmonary atelec- 
tasis was introduced into the right main bronchus of the dog. The 
coughing and struggling which ensued resulted in the drawing of the 
secretion into the deeper portion of the bronchial tree. In order to 
eliminate the cough reflex, the dog was further narcotized with sodium 
iso-amyl-ethyvl barbituric acid. At the end of three hours all the char- 
acteristic physical and roentgen signs of massive pulmonary atelectasis 
of the right lung were reproduced in this experimental animal. 

Jackson and Lee * were able to demonstrate the existence of occluding 
collections of mucus post mortem in two such postoperative cases. They 
also reported having seen such obstructing masses of mucus in vivo, and 
when they had removed these with the aid of the bronchoscope, the lung 
returned promptly to its normal state. From such observations these 
authors were able to formulate some definite rules for prophylaxis and 
treatment of this postoperative complication. The prophylactic measures 
they suggested included the following: the choice of anesthetic agents 
which are least irritating to the bronchi, and the use of local anesthesia 
wherever practicable; the conservative use of morphine because of its 
inhibiting effect on the normal cough reflex ; the avoidance of prolonged 
fixed postures postoperatively. As regards the treatment of the condi- 
tion, when once established, they emphasize the great therapeutic value 
of bronchoscopic removal of the occluding bronchial secretions in those 
patients with postoperative massive atelectasis who do not promptly 
recover spontaneously or with the aid of the simple maneuver suggested 
by Sante '’ of rolling the patient back and forth on the unaffected side. 
In experienced hands bronchoscopic aspirations are without danger, are 
well tolerated even by the sickest patient, and are most effective in 
promptly relieving the condition, thus preventing the possible develop- 
ment of pneumonia in the atelectatic lung. 

The Mechanism of Massive Pulmonary Atelectasis in’ Cases of 
Bronchial Stenosis Due to Extrabronchial: Pressure —This relatively 
small group includes all those cases in which the primary factor is pro- 
gressive bronchial stenosis due to increasing extrabronchial pressure by 


10. Sante, T. : Massive Collapse of the Lung, J. A. M. A. 88:1539 
(May 14) 1927. 
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an encroaching neoplasm, aneurysm, Mass of bronchial glands or sclerotic 
process. However, before acute massive pulmonary collapse can take 
place, a mechanism must be developed which will produce sudden and 
complete occlusion of the stenosed bronchus. 


A number of such reports have recently appeared in the literature. 


One of the cases of massive pulmonary atelectasis reported by arris 
was shown at autopsy to be due to obliteration of the main bronchus by 
pressure of a large caseous mass. 

Wessler and Jaches '* described an interesting experience in a child 
3 months of age who presented paroxysmal attacks of dyspnea and more 
or less constant stridor. These symptoms were found to be due to the 
pressure exerted by a mass of tuberculous glands in the upper medias 


tinum, which apparently produced complete obstruction of the bronchus 


of the upper lobe and only ‘partial obstruction of the bronchi of the 


lower lobes. The diagnosis was made from the roentgen appearance o1 
the lungs which illustrated the interesting result of obstructive atelectasis 
in the upper lobe and obstructive emphysema in the lower lobes occurring 
in the same lung at the same time. The mechanism involved in such 
a phenomenon was described earlier in this paper. 

Packard ® reported a case of massive pulmonary atelectasis with a 
sudden onset and gradual disappearance. The probable explanation of 
the mechanism in this case as offered by that author is that enlarged 
tracheobronchial lymph nodes produced stenosis of the bronchus by 
pressure, which was later relieved by a diminution in the size of the 
lymphoid mass. 

Obviously the same mechanism operates when bronchial compression 
with stenosis is caused by a mediastinal tumor or aneurysm. f interest 
in this connection is the case reported by F. J. Hirschboeck '* in which 
at postmortem examination it was found that the massive atelectasis of 
the left lung was apparently due to bronchial obstruction from com 
pression by an aneurysm in the arch of the aorta and to collections of 
mucus and pus totally occluding the partially stenosed bronchus. 
\lthough in this case the atelectasis occurred after an upper abdominal 
operation, the foregoing observations are at least suggestive as a probable 
explanation of the mechanism involved; the bronchial compression by 
the aneurysm was undoubtedly a powerful predisposing factor, and the 
importance of retained bronchial secretions in effecting complete ocelu 
sion of the bronchus is at least noteworthy. 


Farris, H. A.: Atelectasis of the Lung, Canad. M. A. J. 25:808, 1925 
12. Wessler, H., and Jaches, L.: Clinical Roentgenology of Diseases of 
Chest, 1923, p. 49. 
13. Hirschboeck, F. J.: Massive Collapse of the Lung: With Report of 
Necropsy, Minnesota Med. 11:135 (March) 1928 
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Massive pulmonary atelectasis may also occur as a complication of 
chronic pulmonary disease, particularly tuberculosis, when marked peri- 
bronchial sclerosis will result stenosis of the involved bronchi. 
Packard * described the case of a young tuberculous woman in whom 
massive atelectasis of the left lung occurred with marked suddenness. 
Postmortem examination of the lung two vears later revealed dense 
fibroid tissue around the main stem bronchus practically obliterating its 
lumen. In the opinion of the author, the massive atelectasis was the 
result of this bronchial stenosis. Because of the sudden onset of the 
massive atelectasis in this case, it is only fair to assume that something 
must have happened immediately before the catastrophe to render the 
bronchial occlusion complete. Whether the final mechanism leading to 
complete occlusion was one of bronchial spasm of vasomotor origin, or 
whether it was due to mucosal turgescence with retained secretions, one 
can merely speculate. 

Of especial interest in this connection is the following report of a 
case which was under observation for a number of years: 


Case 5.—Mrs. Y. Z. first came under my care in November, 1922, when at the 
age of 28 she was admitted to a tuberculosis sanatorium with a diagnosis of 
pulmonary tuberculosis based on few symptoms, insignificant physical signs but 
roentgen evidence of a fibrotic lesion in the apex of the left lung. After eight 
months at the sanatorium, she was discharged with a diagnosis of inactive minimal 
pulmonary tuberculosis complicated by seasonal asthma, of which she had shown 
moderate symptoms during the months from May to July. 

In the spring of 1924, and again in 1925, the patient received injections of 
pollen (orchard grass) with symptomatic relief from the seasonal asthma. In the 
meantime, she has continued to do fairly well, showing no significant changes 
in the physical and roentgen signs in the chest. Figure 4 4 is the photograph 
of a film made in December, 1924, and it merely shows evidence of a fibrotic 
lesion in the apex of the left lung. 

In January, 1926, there was a moderate increase in cough and expectoration. 
Physical examination of the chest disclosed a few coarse rales in the left upper 
lobe, and roentgen examination at this time revealed evidence of somewhat 
increased fibrosis there. 

On April 10, 1926, the patient was examined by me at my office and showed 
no further change in the physical and roentgen signs. 


During that examination, 
skin tests were made. While the 


patient was waiting for the results of the skin 
tests to be read, she was suddenly seized with a severe spell of coughing. Marked 
dyspnea developed rapidly, and the patient appeared to be experiencing a severe 
attack of asthma. 


Moderate cyanosis soon developed, and prostration increased 
rapidly. 


Physical examination of the chest at this time revealed the following significant 
observations: relative immobility of the upper part of the left hemithorax ; marked 
dulness, bronchocavernous breathing and no rales over the left lobe; marked dis- 
placement of the trachea to the left, and apparent displacement of the heart to the 
left. In the right lung, and to a lesser extent in the left base, wheezing respira- 
tions suggestive of asthma were heard. 


‘ 


Fig. 4 (case 5).—-1, roentgenogram made in December, 1924, showing in 
tration with fibrosis involving the upper portion of the left upper lobe. Note the 
normal position of the trachea and mediastinum. This roentgenogram represents 
approximately the pulmonary status of the patient from 1922 to April, 1926 
B. made on April 10, 1926, one heur aiter the sudden onset of acute respiratory 
symptoms. Note the partial atelectasis of the left upper lobe with resulting 
marked displacement of the trachea to the left as well as the less marked displace 
ment of the heart. Also note the compensatory emphysema in the uncollapsed 
parts of the left lung. This picture of the lungs remained unchanged during the 
next two and three-fourths years. C, made in March, 1929, two wee ks after 
sudden onset of acute respiratory symptoms The appearance 1s characteristit 
of massive atelectasis involving the major portion of the left lung. PBronchoscopt 
examination revealed stenosis of the bronchi of the left lung, probably due to 


marked peribronchial sclerosis, with retained mucus secretions In them 
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This sudden change in physical signs was puzzling at first, but its probable 
signilicance was evident aiter a study of the roentgenogram made at the time 
(fig. 4 B), which showed evidence of circumscribed atelectasis in the left upper 
lobe. The increased density of the shadow in the upper lobe, as well as the 
sudden and marked displacement of the upper mediastinum to the left, were par- 
ticularly impressive in that connection. 

After several weeks of illness with dyspnea, cough and moderate fever, the 
patient began to improve rapidly. At the end of two months, and until February, 
1929, she was well enough to attend to her household duties, slight dyspnea and 
cough being the only residual symptoms. During all this time the physical and 
roentgen signs remained unchanged and were those just detailed. 

About the middle of February, 1929, following an infection of the upper res- 
piratory tract, the patient’s cough became more severe, and the expectoration was 
scanty, tenacious and difficult to raise. Four days later, she experienced a sudden 
attack of marked dyspnea and pain in the left side of the chest. The dyspnea 
subsided spontaneously after a while, but it would recur on the least exertion, 
particularly at night. At the same time the temperature began to rise, reaching 
102 F*. at night. When I saw the patient six days later, she presented the classic 
signs of massive pulmonary atelectasis involving the major portion of the left 
lung. The signs were so characteristic of the condition that the other diagnostic 
possibilities which had to be considered, such as pneumonia, pleurisy with effusion, 
thick pleura, ete., were soon discarded as improbable. 

At this time the patient was admitted to the medical department of the New 
York Post-Graduate Hospital. After the roentgen examination (fig. 4 C) confirmed 
the diagnosis of massive atelectasis, a bronchoscopic examination was made by 
Dr. Imperatori in order to determine the cause of the atelectasis. The following 
possibilities were originally considered: (1) bronchial stenosis due to peribronchial 
fibrosis, (2) benign endobronchial tumor (benign because of the lone course). 
(3) foreign body in the bronchi and (4) bronchial compression due to mass of 
glands or other mediastinal tumor (soon ruled out by the result of the roentgen 
examination). The purpose of the bronchoscopy was not only to establish the 
etiologic factor, but also to attempt to remove it if possible: by extraction if due 
to foreign body; by excision if due to benign neoplasm; by aspiration, if due to 
removable plugs of mucus. 

The bronchoscopic examination revealed the existence of marked stenosis of 
the main stem left bronchus as well as occluding secretions which were aspirated. 
Following the bronchoscopy, the patient’s breathing was much improved, and she 
began to expectorate large amounts of sputum. A roentgenogram made immedi 
ately after the bronchoscopy showed increased aeration in the left upper lobe. 
However, as neither the symptomatic relief nor the improved aeration in the upper 
lobe lasted more than twenty-four hours, the patient was subjected to another 
bronchoscopic examination seven days later. At this time a smaller bronchoscope 


1 


was used, and an attempt was made to enter the smaller bronchial radicles, but 
these were found totally stenosed. Although aspiration of the mucus was 
attempted, the patient did not again experience symptomatic relief. 
Bronchoscopic aspirations of the locked-in secretions having proved ineffectual, 
the other therapeutic measures to be considered included pneumothorax and the 
usual expectant hygienic-dietetic regimen. In this type of case the object of 
pneumorthorax therapy is not to collapse the lung further but to restore a more 
or less normal intrathoracic equilibrium by allowing the mediastinal structures to 
return to their central position in the thorax. This plan of therapy might still 
be resorted to if the expectant hygienic-dietetic treatment should prove ineffectual 
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Here is a case of a tuberculous person with a manifest tendency to 


marked peribronchial fibrosis and a disposition to attacks ot spasmodic 


asthma in whom acute massive atelectasis of the left upper lobe was fol- 
lowed nearly three years later by a similar collapse of the lower lobe; 
in whom bronchoscopic examination revealed marked bronchostenosis 
as well as occluding secretions of mucus as the obvious cause of the 
condition; and who, following the bronchoscopic aspiration of the bron- 
chial mucus, showed temporary symptomatic improvement’ as well as 
‘nereased aeration in the right upper lobe only to relapse to a state of 
complete atelectasis twenty-four hours later. From these circumstances 
it seems fair to infer that the mechanism of the massive atelectasis im 
this case was as follows: The essential primary factor was progressive 
bronchial stenosis due to increasing peribronchial fibrosis ; however, the 
secondary mechanism, which was responsible for the sudden and com- 
plete occlusion of the stenosed bronchus thus precipitating the massive 
pulmonary atelectasis, was probably that of bronchial spasm and retained 
mucus secretions. In the presence of a tendency to fibrosis, the tem- 
porary complete occlusion by spasm and retained mucus was soon ren- 
dered permanent by the still more increased fibrotic changes which 
rapidly followed the development of atelectasis. 

While in this discussion of the subject the greater emphasis has been 
placed on the elucidation of the mechanism involved, its clinical features 
have been emphasized sufficiently to show its importance from the poimt 


of view of diagnosis, differential diagnosis, pr phylaxis and treatment 


SUMMARY AND CONCLUSION 

1. Massive pulmonary collapse or atelectasis has been deseribed in a 
great variety of clinical conditions. However, careful analysis of this 
vast clinical material will disclose that most of the cases can be classified 
into three groups: 

Group 1: Cases with gross or manifest bronchial obstruction by 
foreign body, endobronchial neoplasm, retained blood clots, diphtheritic 
membrane, etc. 

Group 2: Cases in which the primary factor is an interference witl 
the respiratory movements, through muscular paresis or paralysis, vol 
untary or reflex inhibition of the muscles of respiration from pain or 
inflammation, prolonged faulty posture, ete. When with this 1s asso 
ciated an increase in the bronchial secretions and a suppression of the 
cough reflex, the accumulated and retained secretions will occlude the 
bronchi and thus lead to atelectasis. 

Group 3: Cases in which extrabronchial pressure, due to neoplasm 
or aneurysm, enlarged glands or sclerotic tissue, leads to gradual stenosis 
of the bronchus, the bronchial occlusion being rendered complete either 


by mucosal turgescence or by bronchial spasm, with retained secretions 
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In all these cases, following the bronchial occlusion, the alveolar air 
is absorbed by the pulmonary circulation and atelectasis results. 

2. Cases are presented to illustrate the essential mechanism in these 
three main groups. 

3. The clinical picture as well as the physical and roentgen signs are 
characteristic, and they are similar in all cases. The onset is usually 
sudden, with evidence of marked respiratory embarrassment and shock. 
The characteristic physical signs are: markedly diminished mobility of 
the involved hemithorax, narrowing of the interspaces, pulling in of the 
trachea, heart and diaphragm toward the affected lung; flatness to per- 
cussion, harsh or absent breath sounds, and no rales over the affected 
lung. The roentgen examination reveals a dense homogeneous shadow 
where the atelectasis exists, and is corroborative of the displacement of 
the trachea, heart and diaphragm toward the affected lung. 

4+. This clinical picture and some of the physical signs may simulate 
pneumonia, pleurisy with effusion, acute cardiac accident (dilatation, 
coronary occlusion, ete.). The diagnosis of the condition is not difficult 
if the atelectasis is extensive; if partial only, its recognition is not easy. 

5. It should always be thought of in the examination of patients with 
pulmonary complications in diphtheria and following upper abdominal 
operation or tracheotomy. 

6. In cases of massive pulmonary atelectasis with no obvious cause, 
the possible obstruction of the bronchus by a nonopaque foreign body or 
by an endobronchial neoplasm should be investigated by a bronchoscopic 
examination. If the examination reveals no endobronchial obstruction, 
but the existence of a complete or partial stenosis, compression of the 
bronchus by neoplasm, enlarged glands, aneurysm or peribronchial fibro- 
sis should be suspected. 

7. Early recognition of the condition is important, because in many 
cases its treatment at that time is simple and successful. In postoperative 
massive atelectasis, the simple maneuver of rolling the patient on his 
unaffected side is usually effective. In late postoperative cases and in 
all cases of foreign bodies, bronchoscopic aspiration or extraction of the 
occluding substance is most effective in relieving the condition and pre- 
venting complicating pneumonia. 

8. Pulmonary atelectasis of the more circumscribed variety is also of 
great clinical significance. It is of frequent occurrence as a postoperative 
complication, and it is an important factor in pulmonary pathologic 
processes associated with extensive fibrosis, and with pulmonary neo- 
plasm. Its recognition and proper evaluation will solve many puzzling 


situations in the study of pulmonary cases. 


« a 
= 
4 
4 
i 
4 
t 


Book Reviews 


MoRPHOLOGIC VARIATION AND THI RATI 
ArTHUR T. Henrici, M.D. Volume 1. Price, $3.50. Springfield, 
Charles C. Thomas, 1928 


[his monograph, the first of a series to be written on microbiology, represents 


sts substance the author's own work on the subject. Chapter 1 deals with 1 


problem of the morphologic variation ot bacteria. Several of the more recently 
advanced hypotheses on the nature and vrowth of bacteria are presented at some 


1 


length. In discussing them the author criticizes particularly the assumption ol 


these investigators that bacteria go through life cycles, because the available di 


are far too few and incomplete to warrant such conclusions. He then indicates the 
purpose of his work; namely, to make continuous quantitative observations o1 


individuals and populations of bacteria under closely controlled conditions during 


all the phases of their growth. 
After stating the technic in considerable detail he proceeds to the study ot 


several micro-organisms ; Bacillus meyathertum, the colon bacillus, the diphtheroid 


bacillus, and the cholera vibrio Definite characteristic changes in the size and 
shape of the individual bacteria were found at different periods of growth whicl 


were constant for the several variations of micro-organisms studied. The rates ot 
erowth of cell populations were also measured and found to follow regular curves 


The great number of data obtained are represented in drawings and graphs in 


such a way as to give a much more complete picture of the morphologic changes 
occurring during the life of these types of bacterial cells than has heretofore been 


possible. 

In a final chapter entitled “On Cytomorphosis in Bacteria” the author brings 
together evidence for considering the changes occurring in cultures of bacteria 
as analogous to the sequential alterations exhibited by the cells of multicellular 


organisms and termed by Minot “eytomorphosts 
At the end of the book is a series of tables ceiving the actual experimental data 
from which the charts and graphs are made. The bibliography and index of both 


authors and subjects follow. 
The work constitutes a valuable contribution to the knowledge 
srowth and sets a high standard for the other volumes of this series that are 


bacterial 


fc low. 


Diz KRANKHEITEN DES HERZENS UND DER GEFASSE. By Dr. ErNst EDENS 
Paper. Price, 66 marks. Pp. 1057, with 239 illustrations. Berlin: Julius 


Springer, 1929 


In his discussions of various topics Edens follows rather closely the traditional 
lines of etiology, pathology, diagnosis and treatment All of the ordinary and man) 
of the rarer diseases will be found included. The comparatively later knowledge 
revealed largely by the aid of the roentgen ray and the electrocardiograph is fairl) 
presented. There are many helpful illustrations of roentgenograms and elect 
cardiograms. We are glad to see that valvular diseases are still regarded as 
worthy of full discussion. In some recent works they have been deemed of sucl 


minor importance as compared to myocardial diseases and irregularities as to be 
accorded scanty consideration. 

Two features are worthy of special comment. The treatment for weakness otf 
the circulatory organs occupies 100 pages, more than 13 per cent of the text, 30 
pages being devoted to digitalis alone. This is a larger proportion than is 
commonly assigned to this one tepic. Some condensation with elimination of minor 
details as to baths, climate, massage, diet and a number of drugs might be advisable 
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Many practitioners, however, will probably disagree and will find in these minutiae 
as to treatment that which will make the book of especial value to them. The 
other item is the massive bibliography. The index of titles covers 250 closely 
printed pages. The subdivision of the bibliography into heads corresponding to the 
chapters makes the book a ready reference work for one who wishes to go to 
original sources. 

One may say that the volume is a comprehensive, reliable and up to date work. 


Le PROBLEME DE LA SENSIBILITE VISCERALE ET L’ANESTHESIE DES SPLANCH- 
NALGIES. Par A, LEMAIRE, Professeur de Clinique Médicale a l'Université 
de Louvain. Collection de monographies médicales publiée par la Société 
scientifique de Bruxelles. No. 3. Pp. 80. Paris: Presses Universitaires de 
France, 1928. 


In this monograph of eighty pages, the authors begin with an analysis of the 
earlier theories of visceral sensibility, those of Lenander, Ross and McKenzie, with 
their various modifications, and discuss their applicability both in the normal and 
in the pathologic state. The sensitiveness of the viscera and the adequate stimuli 
required for the production of pain in the parenchyma, the mucosa, the splanchnic 
musculature, the serous surfaces and the ligaments are carefully and extensively 
considered in the first chapter. The authors have made an especial study of the 
effect of subcutaneous anesthesia on visceral pain; the results are described in the 
second chapter, in which the old as well as more recent theories, those of Edinger 
and Verger, are reexamined in the light of these observations. The third and 
final chapter consists of a brief discussion of the possible ways in which the impulses 
of visceral sensibility may ascend to consciousness. 

The purpose of the monograph is not to present the subject of visceral pain 
as a settled question but rather to gather all of the theories and facts, including 
those derived from a long experience with subcutaneous anesthesia and pain of 
visceral origin, and to determine the extent to which the facts confirm or contradict 
the theories. The standpoint is conservative, the deductions are carefully made and 
the attitude is scientific and scholarly. The work should stimulate further research 
in this field and thereby fulfil one of the chief aims for which it is published. 


PROGRESSIVE RELAXATION. A PHYSIOLOGICAL AND CLINICAL INVESTIGATION 
OF MuscULAR STATES AND THEIR SIGNIFICANCE IN PsyCHOLOGY AND 
Mepicat Practice. By Epmunp Jacopson, A.M., Ph.D., M.D. Pp. 429. 
Price, $5. Chicago: University of Chicago Press, 1929. 


This book is the result of twenty years of research work in the physiologic and 
psychologic laboratories of the University of Chicago as well as of clinical experi- 
ments and observations in private practice. The author has made extensive studies 
of muscular action and relaxation and the effect of emotions on them. The 
chapters on spastic esophagus, mucous colitis, and on the methods of teaching 
relaxation to nervous patients will be of particular interest to clinicians. The 
idea of treating nervous states mainly by the induction of muscular relaxation may 
seem startling. It is another case in which a vicious circle may be broken at an 
unusual place. It reminds the reviewer of the celebrated cynical utterance of 
Pascal: “Il faut s’abétir,” meaning that if people use holy water, cross them- 
selves and go through the emotions of worship the spiritual effect comes of itself. 
In the same way, as mental poise and contentment are associated with a feeling of 
relaxation so the induction of relaxation may in itself cause a tense and anxious 
patient to deceive himself into believing that he is at ease mentally. Having had 
a taste of this comfortable feeling he may persuade himself that he might himself 
prolong it by not resuming his worries. It is not reasonable to suppose that this 
method alone will succeed in many cases, but it is a rational accessory to other 
psychotherapeutic procedures. 
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BOOK REVIEWS 


fue INTERNATIONAL MEDICAL ANNUAL. A Year Book OF TREATMENT AND 
PRACTITIONER'S INDEX. Price, $6. New York: William Wood & Company, 
1929, 
This annual lives up to its reputation for giving a most careful review and 
thoughtiul digest of recent medical literature. Compiled in the form of a dictionary, 
the material presented is too diverse to be criticized in detail. Mention should 


be made of the many helpful suggestions regarding therapy. For example it 1s 
pointed out that the diuretic action of epinephrine in asthma may be prolonged 
hy massaging the site of injection. Diagnostic procedures, such as cholecystography 


ind renal function tests, are discussed at length. For the surgeon one finds described 
a new upper abdominal incision which has been useful in avoiding incisional hermia 
The articles on obstetrics include a note on a method of extracting the adherent 
placenta without putting the hand into the uterus. In every field one finds sug 
gestions of practical value. One may not always agree with the opinion of the 
individual author, but the material is presented in such a way that one may draw 
his own conclusions. Some omissions will be noted. In discussing the injection 
treatment of varicose ulcers no mention is made of the use of 50 per cent dextrose 
solution which by some is considered the substance of choice. Such defects, 
however, are too few to detract from the general usefulness of the volume which 
should prove a worthwhile addition to the library of the practitioner for whom 
it is primarily intended. 


UNTERSUCHUNGEN UEBER PORPHYRIE MIT BESONDERER BERUCKSICHTIGUNG 

DER PORPHYRIA CONGENITA. By Max Borst AND Hans KONIGSDORFFER, 

Jr. Price, 38 marks. Leipzig: S. Hirzel, 1929 

The book is based on a study of a case of congenital porphyry in a man who 
died at the age of 32. His condition had been investigated clinically and bio 
chemically in great detail and had previously been reported by Fischer, Gunther 
and Weiss. Borst reports the gross and microscopic observations of the autopsy. 
Grossly, there was porphyrin discoloration or “hemosiderosis” of the skin and the 
entire skeleton, spleen, liver, lymph nodes, pancreas and kidneys, and histologically 
of practically all of the tissues of the body. Microhistochemical and physical 
analyses of the pigments in the various organs and tissues were made by Fischer. 
Konigsdorffer studied the fate of porphyrins administered experimentally to 
animals. They came to the conclusion that porphyry is a constitutional anomaly. 
There is not an incomplete synthesis of hemoglobin, myoglobulin and histohematin 
or cytochrome as has been claimed. They believe that in congenital porphyry 
there is an arrestment of the metabolism of porphyrin at an intermediary stage, 
eiving the abnormal pigments met with in the condition. Porphyrin is synthesized 
in the red blood corpuscles. An extensive review of the literature on the subject 
is also given. 


CLINICAL ELECTROCARDIOGRAMS: THEIR INTERPRETATION AND SIGNIFICANCE 
By Frepertck A. Witvivus, M.D., Section on Cardiology, the Mayo Clinic, 
Rochester, Minn., and Associate Professor of Medicine, the Mayo Founda- 
tion, University of Minnesota. Cloth. Price, $8. Pp. 219, with 368 illus- 
trations. Philadelphia and London: W. B. Saunders Company, 1929. 


This book consists, for the most part, of electrocardiograms taken from the 
author’s collection. The author's interpretation of each tracing is given together 
with clinical diagnosis of heart disease in the patient from whom the tracing was 
made. The clinical significance of the tracing is discussed in many cases, and 
a few tables are included to indicate the possibility of a prognostic value in certain 
abnormal characteristics of the electrocardiogram 

The book is well prepared. The tracings are clearcut and well marked, and 
the explanatory remarks are clear and concise 
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As far as the subject matter is concerned, with the exception of the author's 
J 


observations on the prognostic significance of certain aberrations of the T wave, 
nothing is contained in the book that has not been said before. The interpretation 


of the tracings is, for the most part, clear and convincing, but interpretations and 
statements occur which might be open to argument. To mention a few, in the 
section on auricular flutter, the interpretation of some of the tracings is rather 
doubtful. Also, it is difficult to correlate the coincidental occurrence of auricular 
flutter and sino-auricular block. 

The statement that “occasionally the ventricular action in auricular fibrillation 
is rhythmic, especially with slow rates” will surely be challenged. 

Many of the tracings depicting paroxysmal ventricular tachycardia do not 
fulfil the requirements accepted as necessary for that diagnosis. 

The author expresses in his preface the hope “that the illustrative examples 
may aid those whose experience in this field (electrocardiography) is limited.” 
One gets the impression that the book is rather advanced for this purpose and 
contains much discussion of a speculative nature. Such discussion might prove 
confusing and misleading to the inexperienced. The greatest value of the book 
lies in the variety of the tracings. Almost every variety of electrocardiogram, 
normal and abnormal, may be found and is clearly described. There is, in addition, 
an excellent bibliography. 
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